Claim 13 was rejected under 35 U.S.C. § 101 because the 
invention as claimed allegedly lacks patentable utility, and as 
disclosed is allegedly inoperative for reasons given in Paper 
No. 7. Office Action at 2. Applicants respectfully traverse 
this ground for rejection. 

The present invention is directed to a nucleic acid 
corresponding to ORF-R of HIV-1. The nucleic acid can be used 
as a diagnostic probe in hybridization assays to detect the 
presence of HIV-1 in a biological sample. (Specification at 
page 14, line 11 through page 15, line 8.) The presence of such 
nucleic acid is, of course, indicative of infection of HIV-1. 

The standard for utility is not 100% effectiveness,' 
reliability, or commercial utility of a composition. Rather, it 
is one of "some" utility. F T dnPont de Nemours & Co. v. 
^W.Co.. 205 U.S.P.Q. 1, 10 n.17 (8th Cir. 1980). Utility 
under § 101 is clearly shown when a properly claimed invention 
meets "at least one stated objective." F^ ythpon Co. v. Roper 
Corp ., 220 U.S.P.Q. 592, 598 (Fed. Cir. 1983), cert, denied, 469 
U.S. 835 (1984) . An invention need not be perfect in that it 
need only be useful to some extent, and in certain applications. 

Stiff— T - ^n^haw PLC. 20 U.S.P.Q.2d 1094, 1100 
(Fed. Cir. 1991) . To sustain a rejection for lack of utility, 
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it must be shown that the claimed invention is -totally 

, • ■ , 1100fl1 i result ..." Br-nnktree Corp. 
incapable of achieving a useful result 

x „ oa n q P 0 2d 1401, 1412 (Fed. 
„ Advanced ™i rrn Devices , Inc . , 24 U.S.P.g.^a 

Cir. 1992) (citations omitted) . The Examiner has not met this 

burden . 

The Examiner bears the initial burden of showing prima 
facie that the claims are unpatentable under § 101 because of 
inoperativeness, fm^i v Mo^nghoff . 227 u.s.P.Q. 848, 852 
(Fed. Cir. 198S) . This burden can be met if the asserted 
utility is not believable on its face to persons skilled in the 
art in view of the contemporary knowledge in the art at the time 
the application is filed. When this conclusion is reasonable, 
the burden is on the applicant to rebut it, if he can, such as 

by offering evidence. 2&j- at 852 • 

in the Office Action, the Examiner repeated the arguments 
from the previous Office Action, and concluded that 

applicant simply locates an °Pf reading f^rame 
in the seauence of the clone of the instant 
l icaS The specification does not show 
a^tSty for any protein supposedly expressed 
from this open reading f-me fc N ? r d oes 
applicant demonstrate a utility for this 
nucleic acid as a probe. 

Office Action at 3. Applicants courteously disagree. 

A nucleic acid need not encode a protein to establish the 
usefulness of the nucleic acid in a hybridization assay. 
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Usefulness of an invention is shown if any object of an 
invention is met. Standard Oil Co v Montedi son S.p.A. , 212 
U.S.P.Q. 327, 344 (3d Cir. 1981), cert, denied, 456 U.S. 915 
(1982) . Because applicants' nucleic acid is useful as a nucleic 
acid probe in hybridization assays to detect the presence of 
HIV-1 in a biological sample, utility under § 101 is shown. 

Nevertheless, ORF-R, also known as ORF-F, nef. 3'orf, B, 
E', or F gene, encodes F protein of HIV-1. See Gallo et al . , 
"HIV/HTLV Gene Nomenclature," Nature, 333, 504 (1988) (Exhibit 
1); and Wain-Hobson et al., "Nucleotide Sequence of the AIDS 
Virus, LAV," Cell, 9-17, 12 (1985) (Exhibit 2). HTLV-III and 
LAV are strains of the same retrovirus, HIV-1. See Ratner et 
al., "HTLV-III, LAV, ARV are variants of same AIDS virus," 
Nature , 313, 636-637 (1985) (Exhibit 3). 

in support of the argument that applicants' nucleic acid 
would not be useful as a probe in hybridization assays to detect 
HIV-1, the Examiner first stated that 

applicant [does not] set forth the conditions 
under which the nucleic acid would serve as a 
specific probe having a demonstrable utxlity. 

Office Action at 4. 

The specification need not include that which is already 
known by and available to the public. P ^rless Accounting, 

r„ v *av Are - °-r" Svstem ' 804 F ' 2d 659 ' 664 (FSd - 

Cir. 1986) . in fact, techniques that were old and well-known 
when the application was filed need not be included in the 
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specification, and are preferably omitted. Sp^a^toi^ 
■■ ^~nt. inc.. 827 F.2d 1524. 1534 (Fed. Cir. 1987). 
Because hybridization techniques were well known in the art 
at the time the application was filed, such techniques need not 
be described in the specification to show usefulness of the 

claimed invention. 

For example, applicants teach that hybridization assays 

using nucleic acid probes for Hepatitis B virus were known in 
the art. (Specification at page 14, lines 29-32.) Hahn et al., 
cited by the Examiner, describe the use of an HTLV probe in 
hybridization assays known in the art as of November 8, 1994. 
Hahn et al. at 168. Arya et al . , "Homology of Genome of AIDS- 
Associated Virus With Genomes Of Human T-Cell Leukemia Viruses, - 
Science., 225, 927-930 (August 31, 1984, (Exhibit 4), also 
describe hybridization experiments between HTLV-I and -II and 

HTLV- II I. 

Moreover, the use of a probe corresponding to the U3 and R 
regions of the LTR of HIV-1 in a hybridization assay to detect 
the presence of HIV-1 in a biological sample is discussed in 
Mizon et al., "Molecular Cloning of Lymphadenopathy-Associated 
Virus," UttBB. 312. 757-760 (1984, (Exhibit S, . This reference 

i_ ->r\/oT i Qft4 and was submitted for 
was published on December 20/27, 1984, ana w* 

publication September 20, 1984. 
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pLAV13, a recombinant carrying an insert encoding the R and 
U3 regions of the LTR of LAV, was used as a probe in a series of 
filter hybridization experiments. Uninfected cultures and DNA 
fro. uninfected lymphocytes or from normal liver proved negative 
when screened with the probe under the same hybridization 
conditions. However. Southern blots of LAV-infected T- 
lymphocytes and CEM cells showed positive results when screened 
with the probe. Alizon et al. at 758. 

Thus, as of September 20, 1984, one of skill in the art was 
capable of using an HIV-1 probe in hybridization assays to 
detect the presence of HIV-1 in a biological sample. 

Continuing, the Examiner stated that applicants' nucleic 
acid lacked utility as a hybridization probe because 
tals the nucleic acid sequence claimed 

acid sequence would serve ^ a s pecifxc probe 
fnr tiTV Applicant is provided with a 
for Hiv. £PP£™ Figure 4 notes 

reference by Hahn et al. . • ■ r , 1TM ^r 
that when HIV is used as a probe, under 
certain conditions of hybridization the LTR 
Sgion of HtLV-1 appears to cross-hybridize . 

Office Action at 4. 

Applicants describe above hybridization conditions, known 
in the art at the time the application was filed, that are 
useful for the claimed invention. 
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Hahn et al . refer to a hybridization experiment in which 
nucleic acid fragments of two strains of HTLV-I and one strain 
of HTLV-II were first separated on Southern blots. The 
fragments were then hybridized with the full-length HTLV-III 

clone. Hahn et al . at 168. 

Hahn's results showed that a restriction fragment of the 
first HTLV-I strain containing exclusively pX sequences, and a 
corresponding fragment of the second HTLV-I strain containing P X 
and LTR sequences, faintly hybridized with the full-length HTLV- 
III clone. Hahn et al. at 168. The corresponding region of 
HTLV-II showed no hybridization. 

The "pX" region of HTLV-I and -II is not the same as the 
ORF-R region of HIV-1 because the ORF-R region (or nef) is 
unique to HIV. The genomes of HTLV-I and -II do not contain a 
corresponding region. See Gallo et al., chart of HTLV-I, HTLV- 
II, and HIV genes (Exhibit 1) . Therefore, Hahn et al . do not 
suggest that applicants' nucleic acid, when used as a probe in a 
hybridization assay, will detect the presence of HTLV-I or -II, 
rather than HIV-1, in a biological sample. 

Furthermore, the ORF-R region of HIV-1 has minimal homology 
with the corresponding region of HIV-2. Guyader et al., "Genome 
Organization and Transact ivat ion of the Human Immunodeficiency 
Virus Type 2," Nature, 326, 662-669, 666 (1987) (Exhibit 6). 
This minimal homology is primarily due to a large insertion in 
the amino terminus of HIV-2 . Guyader et al. at 666. Consistent 
with the lack of homology between the nucleotide sequences of 

- 7 - 



the F proteins of HIV-1 and HIV-2, the F proteins of the two 
viruses also show a minimal homology of 37.7%. Guyader et al . 
at 666. 

Because applicants' nucleic acid is not found in HTLV-I or 
HTLV-II, and because the nucleic acid has minimal homology with 
the corresponding region of HIV-2, one of skill in the art at 
the time the application was filed would reasonably conclude 
that the nucleic acid, when used as a probe in a hybridization 
assay, will detect the presence of HIV-1 in a biological sample. 

Applicants' invention satisfies the threshold "some- 
utility standard set forth by the court in F..T. duPont . 
Withdrawal of this ground for rejection is respectfully 
requested. 

It is acknowledged that this amendment is submitted after 
final rejection of the application. Because this amendment is 
believed to place the application in condition for allowance, 
applicants respectfully request entry thereof by the Examiner. 

Reconsideration and reexamination of this application, and 
allowance of the pending claim at the Examiner's convenience, 
are courteously requested. 
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The Commissioner is hereby authorized to charge any fees 

associated with this amendment to our Deposit Account 

■o. 06-09X6. If a fee is required for an Extension of Time 

under 37 C.F.R. S l.l* not accounted for above, such extension 

is requested and should also be charged to our Deposit account. 

Respectfully submitted, 

FINNEGAN, HENDERSON, FARABOW, 
GARRETT & DUNNER 




Dated: August 16, 1994 
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HIV/HTLV gene 
nomenclature 

Sir— The complexities of the genomes of 
human retroviruses (the human T-cell 
leukaemia viruses, HTLV-I and HTLV- 
II, and the AIDS-causing human im- 
munodeficiency viruses, HIV-1 and HIV- 
2) are being unravelled at a rapid pace 
which is likely to continue and expand. In 
addition to containing a large ensemble of 
positive and negative regulatory genes 
that orchestrate virus expression, these 
viruses are also remarkable in that they 
seem to have converged onto parallel 
regulatory pathways. Two of the regula- 
tory genes of the immunodeficiency 
viruses are analogous to the two regula- 
tory genes of the leukaemia viruses, 
although their detailed mechanisms of 
action may be quite different. Decipher- 
ing the modes of action of the regulatory 
genes of these viruses is crucial to the 
understanding of their pathogenesis as 
well as to development of therapeutic 
agents. Because of the tremendous acti- 
vity in this field, more than one name has 
sometimes been given to a single gene and 
the same name may also apply to more 
than one gene. In the interest of the many 
new investigators entering the field for the 
first time, we feel it is important that we 
reach a standard nomenclature for all 
known genes of HIV and HTLV. We 
propose the scheme outlined in the table 
Robert Gallo 
Flossie Wong-Staal 
National Cancer Institute, N1H, 
Bethesda, Maryland 20892, USA 

Luc Mont ag n i er 

Department of Virology, 

Institut Pasteur, 

75724 Paris Cedex 15, France 

William A. Haseltine 
Dana-Farber Cancer Institute, 
Boston, Massachusetts 02115, USA 

Mitsuaki Yoshida 
Department of Viral Oncology, 
Cancer Institute, Tokyo 170, Japan 



Proposed name 
(and derivation) 



Previous names Molecular Known function 
mass (x 10" 3 ) 



HTLV-I and HTLV-U genes: 

WJt, (transactivator) 
tax 2 

r«,(rcgulator of expression 
rex 2 virion proteins) 



HIV | 

tat (transactivator) 

rev (regulator of expression 

of virion proteins) 
vi/ (virion infectivity factor) 

vpr(R) 

nef (negative factor) 

vpx (X) (only in HIV-2 and 
S1V) 



x-lor, p40x, tat, 41 , 41 , 42 Transactivator of all viral 

tat Jy TA 38 proteins 

pp27x,tel 27 Regulates expression 

25 of virion proteins 



tai-3, TA 


14 


Transactivator of all 
viral proteins 


art, trs 


19,20 


Regulates expression 
of virion proteins 


sor, A, P, Q 


23 


Determines virus 
infectivity 


R 


? 


Unknown 


3*orf, B, £\ F 


27 


Reduces vims express- 
ion, GTP-binding 


X 


16, 14 


Unknown 




HTLV-1,11 



vif 



LTR 



g«9 



HIV-1 



f ev 

I- tat ^ ■ 



LTR 



vpr 



LTR 



HIV-2 




Vpr and vpx are temporary "names and may be changed when more ' m ^^^\^ { l 
ZJZ is'available. Upt. 1 and 2 would be ^ " *^ 

(for example, rev, and rev,). It is expected that genes of the simian viruses (STL V- 1, MV) wouia 
follow similar nomenclature with the subscripts STLVor SIV as appropriate. 



Estimating the incubation period for AIDS patients 

As do Medley et al.\ we postulate a 



Sir— The nonparametric analyses of the 
data on transfusion-related AIDS con- 
sidered by Medley et ai l indicate prob- 
lems of identifiability. With data obtained 
by retrospective determination of the time 
of infection for diagnosed AIDS cases, it is 
only possible to estimate the early part of 
the incubation distribution up to a con- 
stant of proportionality . The same applies 
to the total number of infections by blood 
transfusion before any given time. The 
transfusion data themselves are unable to 
discriminate between high infection rates 
coupled with long incubation times on the 
one hand, or low infection rates and short 
incubation times on the other. 



function h(x) which specifies the increase 
over time of the number of HIV-infected 
individuals who eventually develop 
AIDS, and a probability density function 
f{s) for the incubation time of those indi- 
viduals. The corresponding likelihood 
function can be maximized jointly with 
respect to h and /. As the likelihood 
depends only on the product of h and/, it 
is not possible to estimate either of these 
ructions completely; they may be indivi- 
dually estimated only up to constants of 
proportionality c and c 1 , respectively. 
Nonparametric estimates of the propor- 
tion of eventual AIDS cases that are diag- 



nosed within * years of infection, F(i) - 
[ /(u)du, are given in the figure for the 
three age groups considered by Medley et 
al. . In this figure we show the estimates of 
F{t) so that for each group, c = F(7.5). For 
the children, the levelling of the estimate 
of F{t) by about 3.5 years suggests that the 
whole of the distribution of incubation 
times has been seen; it may then be rea- 
sonable to suppose that c = 1 but, as also 
noted by Medley et al., a second wave of 
incubation times that exceed 7.5 years is 
not excluded by these data. For the other 
two age groups, there is nothing in the 
transfusion data themselves to suggest a 
value for c. As a consequence , it is impos- 
sible to place any upper bound on the 
median incubation time. To estimate this, 
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Summary 

The complete 9193-nucleotide sequence of the prob- 
able causative agent of AIDS, lymphadenopathy-aseo- 
ciated virus (LAV), has been determined. The deduced 
genetic structure is unique: it shows, in addition to the 
retroviral gag, pol, and env genes, two novel open 
reading frames we call Q and F. Remarkably, Q is lo- 
cated between pol and env and F is half-encoded by 
the U3 element of the LTR. These data place LAV apart 
from the previously characterized family of human 
T cell leutemia/lymphoma viruses. 

Introduction 

The recent onset of severe opportunistic infections among 
previously healthy male homosexuals has led to the char- 
acterization of the acquired immune deficiency syndrome 
(AIDS) (Gottlieb et al.. 1981; Masur et al., 1981). The dis- 
ease has spread dramatically, and new high-risk groups 
have been identified: patients receiving blood products, 
intravenous drug addicts, and individuals originating from 
Haiti and Central Africa (Piot et al., 1984). AIDS is a fatal 
disease, and there is at present no specific treatment. The 
causative agent was suspected to be of viral origin since 
the epidemiological pattern of AIDS was consistent with 
a transmissible disease, and cases had been reported af- 
ter treatment involving ultrafiltered anti-hemophilia prepa- 
rations (DtJy and Scott, 1983). A decisive step in AIDS re- 
search was the discovery of a novel human retrovirus 
called tymphadenopathy-associated virus (LAV) (Barre- 
Sinoussi et ah, 1983). The properties of the virus consis- 
tent with its etiological role in AIDS are: the recovery of 
many independent isolates from patients with AIDS or 
related diseases (Montagnier et al.. 1984); high LAV 
seropositive among these populations (Brun-Vezinet et 
al., 1984); a tropism and cytopathic effect in vitro for the 
heiper/inducer T-lymphocyte subset T4 (Klatzmann et al. t 
1984), also found depleted in vivo. 

Other groups have reported the isolation of human 
retroviruses, the human T cell leukemiayiymphoma/lym- 
photropic virus type III (HTLV-III) (Popovic et al.. 1984) and 
the AIDS-associated retrovirus (ARV), which display bio- 
logical and sen>epidemiologicaJ properties very similar to 
if not identical with those of LAV (Levy et al., 1984; Popovic 
et al.. 1984; Schupbach et a!.. 1984). Both LAV and HTLV- 



III genomes have been molecularly cloned (Alizon et al.. 
1984; Hahn et al.. 1984). Their restriction maps show 
remarkable agreement, including a Hind III restriction site 
polymorphism, bearing in mind the variability of this virus 
(Shaw et al., 1984) and confirming that these two viruses 
represent a single viral lineage. 

In addition to its obvious diagnostic and therapeutic 
potential, the LAV DNA nucleotide sequence is essential 
to an understanding of the genetics and molecular biology 
of the virus and its classification among retroviruses. We 
report here the complete 9193-nucleotide sequence of the 
LAV genome established from cloned proviral DNA. 

Results 

DNA Sequence and Organization of the LAV Genome 

We have reported previously the molecular cloning of both 
cDNA and integrated proviral forms of LAV (Alizon et al., 
1984). The recombinant phage clones were isolated from 
a genomic library of LAV-infected human T-lymphocyte 
DNA partially digested by Hind III. The insert of recom- 
binant phage JU19 was generated by Hind Ml cleavage 
within the R element of the long terminal repeat (LTR). 
Thus each extremity of the insert contains one part of the 
LTR. We have eliminated the possibility of clustered Hind 
III sites within R by sequencing part of an LAV cDNA 
clone, pLAV 75 (Alizon et al., 1984), corresponding to this 
region (data not shown). Thus the total sequence informa- 
tion of the LAV genome can be derived from the AJ19 
clone. 

Using the M13 shotgun cloning and dideoxy chain ter- 
mination method (Sanger et al., 1977), we have deter- 
mined the nucleotide sequence of AJ19 insert. The recon- 
structed viral genome with two copies of the R sequence 
is 9193 nucleotides long. The numbering system starts at 
the cap site (see below) of virion RNA (Figure 1). 

The viral (+) strand contains the statutory retroviral 
genes encoding the core structural proteins (gag), reverse 
transcriptase (pol). and envelope protein (env), and two 
extra open reading frames (orf ) that we call O and F (Table 
1). The genetic organization of LAV. SlTR-gag-pol-O-env- 
F-3UR, is unique. Whereas in all replication-competent 
retroviruses pol and env genes overlap, in LAV they are 
separated by orf Q (192 amino acids) followed by four 
small (<100 triplets) orf. The orf F (206 amino acids) 
slightly overlaps the 3' end of env and is remarkable in that 
it is half-encoded by the U3 region of the LTR. 

Such a structure clearly places LAV apart from previ- 
ously sequenced retroviruses (Figure 2). The (-) strand is 
apparently noncoding. The additional Hind III site of the 
LAV clone AJ81 (with respect to JU19) maps to the appar- 
ently noncoding region between Q and env {positions 
5166-5745). Starting at position 5501 is a sequence 
(AAGCQT) that differs by a single base (underlined) from 
the Hind III recognition sequence. It is anticipated that 
many of the restriction site polymorphisms between differ- 
ent isolates will map to this region. 



rT rr-iU«XCTC M IA^feceTICACTCCTtCA*CT*GTSTCTCeCCCTCTCnCT 
rrc ^™A«AG ^ 



OCCCCCCAGAATTACaTCCATCCCAAAAAATTCCCTtAACCCCAC ^ ' ri , • Ar ,s„L.uTyrA.oThrV.UUThrL««TyrCy.V.lH l . 



CCCTCnl^Ic^'cl^ACCCTCT^CA**"" - . .M.ALA.pThrCl y^.S.rS.rCUV.l S.r 

ATCAAAOCATACACATAAAAGACaCCAAGCAAGCTTTAGACA ACA • v . lL „v.li.lCluCl.ly.AUFbt8tr»t<,CUV.Ul. 

CC^nlScC-TATAU^CAaLAO.UUA* ™ UAUH.<GU«.cL.,L,.GWThrlWA»CUClaAl. 

XACCCATCTTtTCAGCATTATCAGAACGACCCACCCCACAACATTTAAACA ...cw^rThtS.rTirUuCloCUCl.ll.CljIrp 

CTC^TCC^TACACTCCATCCACTCCAtCCACCWCTATTCCAt ^ ^ r .„ T hrS.tIWUi*.pU.Ar|GloCl,Fio 

TCTCAACAtAATTGCAAOAAATCTCTTCACTCACATTCOTTCCACITTAAATTTn: •^..Thri.oV.lPh.AL 

.CAAtGCCCATTCACACAACAAAAAATAAAACCAnACTACAAAmCt cl i klrth . If ^ l »ni«^l»".hiii«'«"-«» , -- l '' L »* 

ATACATCCATCAmCTATCTACCATCTWCTTACAMT««*A« ^ , ^.^^ThrV.iiU^UpIUClaLy.L.uV.lCW 
3500 
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L-tuClyIltneClQAUCloProAipLy«SerGUSerGUl.«uV*UtoCUIl«IUCluCiaLeuIULytLy»CluLyiViiTyrL«uAl*TrpVilProAUatiLyiClyne 
ArtACGAATCATTCAAGaauCCACATAAA^GTC 

3700 

ClyClyA»QCluCLQV«U« p LyiLeuV«lS«rAUCiyUeAj$LyiV*iL«uPh«L«uAipCLyUtA»pLy«Al»GlQAipGliiHLiGluLytTyrHiiS«rAjoTrpAjg>UM«c 
Ttt^CAAATCAACAAGTACATAAAmCTUCTCCTCCAATCACGAAACTACTAT^^ 

3800 .... 
AUS«rA«pPbeABcL«uProProV«lValAULyaGluIUV<UUScrCyiAipLytCyiClaLeuLyiGlyGluAUM«cUisGlyGloValAjpCytStrProClyIleTrpGU 
GCCTACTC^rrrrAACCTCCOlCCTCTACTACCAAAAGJ^ 

3900 ...... 

Uu^«pCv»Tbr»iiL«uGUClyLy»V«incL«uVtLAUV«lUitV«UUScrGlyTyrILiGluAl«CluVtintProAUGluTbrGlyClaCUTbrAUTyrPheUuL«u 
ACTAC^rrCTACACA rTTACAACCjUUACnATC C7C CTACCACTTC^^ 

4000 ........ 

ly*LeuAUGlyArg7rpProV«UyfTbrUcaiirhrAfpA«oGlySerA«aPhcThrSerThrThrValLytAUAUCysTrpTrpAltClyncLytGlaCluPhtGlyUePro 
aaaattaccagcaagatcgc cac t aaaaacaatacat aca cacaa tc GCACCAATTTC AC cac t act acc cttaac gc c cc ctgttcctg GGCG GGAATCAAGCACGAATTTC gaa ttc c 

4100 ......... 4200 

TyrA4aProGlo5crGlaGlyV«LValGluScrH<cAsaLytGluLeuLyiLy»n€UtGlyCUValArgAsptilaAUGluiliBL«uLytrbrAl*ValClaMtcAl«ValPhcUe 
CTACAArCCCCAAACTCiACCACTA£TACAATCTATCAATAAA£AATTAAAGA>A^ 

4300 

MiaAiaPhfLytAriLy^ClyClylleGlyClyTyrStrAUClyCLuAriafVilAipIltlUAlanirAtplUCUThrLytCULtuClaLytClDrLtTbrLyilUClQAjn 
CCACAArrTTAAAACjUULWiC^^TTCGCCOT 

4400 .... 
PbcArgV*lTyrTyrAr^spScrAT(AipProLcuTrpLytClyProAULyiLcuLau7rpl.yaCLyCluClyAUV«lValUtCLaAapA«a5«rA«pIl«LytV«lValProAxs 

OR? Q*» CyiCUClu 

TTTTC C GCTTTATTACaC GCaCa C CACACA TC CACTTTCCAAAC CAC caccaaacct c ct ctc caaacctcaacccccactag taatacaacat aatactcacat aaaagtactcc caac 

4500 ...... 

Ar jLy iAl*Lyt lie U eAr iA»pTyrCly Ly«GlaM«tAl*Gl yAapAspCytVaLAlaScr ArgGlaAf pGluAap • 
CluLytClaArgStrLeuClylli^i^lviAioArgTrpClaValHetlUVAlTrpC 
AAGAAAACCAAAGATCATTACGCaTTATCCAAAACAGATGGCAGGTGATCATTCTCTCG 

460P ........ 

ClyLyaAlaArgClyTrpPhtTyrArgHiaHiaTyrG uS«r ProUl iProArg II tStr StrCUV*lHi< II eProLtuGl yAjpAl *ArgL«uV* L I i tThrThrTy r TrpCl /Leu 
CaGGGaAACCTAC GGGATC CTTTTATACACa TCACT ATGAAAGC C CTCATC CAAGAAT AACTTC AGAACTACACATC C CACTAG gcxiatcct agattg ct aataagaacat attccggtc 
<»700 ......... 4800 

aLiTbrGlyGluJlrUipTrpaL»L«uClyGlQClyV»lSerIltGiuTrpArgLytLytArtTyrSfrTTirClQValAjpProCluLtaAl»AjpCl(iLtuIl.BiiI.« u TyrTyrPbe 

tccatacaccacaaacacactcccatctgcct<^ccc*ctctccata^ 

4900 

AapCy aPhcS trAapS«rAlaIltArgLyaAUL«uLtuGlyBialUVilStrProAjtCy>GluTyrClttAUGlyaiaA«iayaVtlClyS€rUuCloryrUuAUUttAlaAU 
rrCACTCTTTTTCAGACTCTCCTATAAiUAACaCTTAnACCACATATA^ 

5000 .... 

LtuU«TbrProlyilyaIitLyaProProUuProS«rValThrLyaUuTbrCluA»pA^ 
CA TTAATAACAC CAAAAAACA TAAACC CACCTTTCC CTACTCTTAC CAAACTCACACACCATACATCCAACAACC CC CACAACACCAACCC£CACACACG£ACC CACACAATCAATC CAC 
• • . . 5100 ....... 

AC TACACCTTTTACAC CJlCCTT AAGAATCXACCTCTTACACATTnX CTACGATTTC GCTC CATGC GGCAC GACTG CAAG C 

5200 ........ 

CATAATAACAATTCTCCAACAACrCCTCmATCCArrrCACAATOCGTCTCGACATACC^ 

5300 . . . ... . . . . 5400 

AC^CCTGCAACCATCCACCAAGTCAKCTAAAACTCCTTCTACCACTTCCTATTCTAAAAACTCTT C CT TT C ATTCrrAAfiT TT C- I f f i ' A rA^TA^jt A<V f^^jyrrryyyr jrtf tyrrr^ 

5500 

GCAACAACCCGACACaC^GACGAAGACCTCCTCAAGCCAGTCAGACTCATCAACTTT^ 

5600 .... 

ENV»- LyaCluClniytThr 

TACTACCAATiATAATAGCAATAGTTCTCTCGTCCATACTAATCATA 

5700 ...... 

falAlafie^gValLyaCluLyaTyrClaBiaUuTrpAriTrpClyTrpl^^ 
CTCCCAATCAGACTGAACGACAAATATtUGCACTTCTCCACATCCGOTGCAAATCC^ 

5800 ........ 

TyrTyrClyValProValTrplyaCluAUThrTtarlbrUuPl^yaAWSarAapA 
tATTATGGCCTACCTCTGTGCAACCAACCAACCACCAC^CTATTTTCTCCATCAGA 

5900 _. ........ 6000 

ProAjQpToClaCWValV t lUuValA«ValT*rCluAjaPhtA*o)tatTrpLy«Aa^ 
CCCAACCCACAAGAACT ACTA TTC CTAAATCTCACAGAAAA TTTT AACATGTCCAAA 

f . . . . , 6100 

Cy»V>UytUumpToL«uCyaV«lS «rU uLyaCyaTbrAjpLtuClyAAaAUT^ 
TCTCTAAAATTAACCCCACTCTCTCTTACTHAAACTT^ 

■ ..... 6200 . . 

Il«Ly0^yi8«rPbaA«IltSarT*rS«rIlaAx|Cly^ 
ATAAAAAAXreCTCTITCAATATCAC^CAAC^TAACACCTA^ 

, .... 6300 .... _. . 

ThrSarCj^oTbrSar?alIWl*rCliUlaCyiProlyaValStrPh^ 

ACAACTICTAACACCTCACTCATTACACACGC CTCKCAAAC CTATCCTTTCAGCCAATTXCCATACATTATTCTGCCCCCC i. 1 U« 1 1 i lUCGATTCTAAAATCTAATAATAACACCTTC 

. . . 6400 .... . 

A»nClyTbrClyProCyaT1»rAaoValS«rTl»r?alGlaCyimHiaGlyIUAr^ 

AATGGAACACCAC CaTCTACAAATCTCACCACACTACAATCTACACA TgClATTACCCPACT actat^a ACTf a a rrrfTCTTr a a ttiv a a/h» a* aj^ * * ^ a*/«t ft^ /vaTTA** k 

"00 . . . . . . . . 6600 

SarAlaAaofbaTlirAjpAaaALaLyaThrllallaValClaLauAjaCiaSarValCluX^ 
TCTG^CAAmCAt^GACAATGCTAAAACCATAATACTACACCTOAArCAAT^ 

■ . ■ . 6700 

CiyAriAWPbfValThrIltCLyLyBll«GlyAaaM«tAf|CiaAUaUa^ 

Gr^ a fi i flr amCTTACAATASCAAA^ a att a Af.Ar.A ifii t-p- 

- 6800 . . . . 

ClyAjaAaalyanirlLtnaPbaLysCUSarSarClyClyAjpProCU^^ 
CCAAATAATAAAACAATAATCTTrAACCAATCCTCACC^ 

: • . . 6900 ...... 

rbrTrpPb*A*oS«rrbrTrpS«rTbrGWGlyS«rAjQA*aTbrGluClyS«^ 
ACTTCCTTTAATACTACTrcCACTArrgAACCCTCAAAT^^ 

7000 . . . . 



7100 



7 ZOO 



CAtATCACGCACAATTCCACAACTCAATTATATAAATATAAA^ 

7300 
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CCAATACGACCTrrCTTCCTTCCCTTCTTC<^^CCACCAW^ ^ ^n.UuAUV^CluArgTyrUuLy.A.pClaClnL.uL.u 

^CCTC^CmCTCCCTAA™ 

FiQure 1 Complete DNA Sequence ot Viral Genome (LAV-ia) mimherina .arts al the cap site, which was located experimentally 

: — — s tB,rd - 1980) 



events are sho«n schematically in Rgure 3 .The JFUt 
638 bp long and displays usual features (Chen and Barker, 
SFit is bounds by an inverted repeat (5ACTG) inctud- 
ng^econser^^ 

0 5' LTR is the tRNA primer binding s.te (P^S), com- 
plementary to tRNA? (Raba et a.., 
LTR is a perfect 15 bp polypurine tract. The other three 



polypurine tracts observed between nucleotides 
8200-8800 are not followed by a sequence that is com- 
piementary to that just preceding the PBS. 

The limits of U5, R. and U3 elements were determined 
as follows. U5 is located between PBS and POj^JJ 
lation site established from the sequence of the 3 end of 
o^cXdTKKimed LAV cDNA (Alizon et al.. ™W^T US 
is 84 bp long. The length of R+U5 was determined by syn- 
S tRNA^rimed LAV cDNA. After alkaline hydroiy- 



t.h- i. Locations and Sizes of Viral Open Reao.ng Frames 



orl 



1* Triplet 



Met 



Stop 



No. Amino Acids 



M r Calc. 



gag 

pot 
orlQ 
env 
orl F 



312 
1.631 
4.554 
5.746 
8.324 



336 
1,934 
4.587 
5.767 
8.354 



1836 
4.640 
5.163 
8.350 
8.972 



500 
(1 .003) 
192 
861 
206 



55.841 
(113.629) 
22.487 
97.376 
23.316 



env 8 354 . 

^^^^^^^^^^^ 
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•.A AAf.A AAAGGGGGC.n ACTG 



CAA , 

iCCGCGGGC -*'i-CC : -G 

: ag t ggcgccc j a ac aggc ac 

"a 0 3S 



Figure 2 Comparison of the Genome Organization of UVV with Those 
of Human T Cell Leukem.a>Lymphoma Virus Type I (HTLV-I) (Se.k. et 
al 1983). Moloney Murine leukemia Virus (MoMuLV) (Shtnmck et al.. 
1981), and Rous Sarcoma Virus (RSV) (Schwartz et al.. 1983) 
The positions and sizes of viral genes are drawn to scale (open boxes) 
and the viral genomes (RNA forms) are delimited by brackets. 

sis of the primer. R+U5 was found to be 181 ± 1 bp (Fig- 
ure 4). Thus R is 97 bp long and the cap site at its 5' end 
can be located. Finally, U3 is 456 bp long. The LAV LTR 
also contains characteristic regulatory elements: a poly- 
adenylation signal sequence AATAAA 19 bp from the R-U5 
junction, and the sequence ATATAAG. which is very likely 
the TATA box, 22 bp 5' of the cap site. There are no long 
direct repeats within the LTR. Interestingly, the LAV LTR 
shows some similarities to that of the mouse mammary tu- 
mor virus (MMTV) (Donehower et al., 1981). They both use 
tRNA'? as a primer for (-) strand synthesis, whereas all 
other exogenous mammalian retroviruses known to date 
use tRNA pro (Chen and Barker. 1984). They possess very 
similar polypurine tracts; that of LAV is AAAAGAAAAGG- 
GGGG while that of MMTV is AAAAAAGAAAAAAGGGGG. 
It is probable that the viral (+) strand synthesis is discon- 
tinuous since the polypurine tract flanking the U3 element 
of the 31TR is found exactly duplicated in the 3' end of orf 
pol, at 4331-4346. In addition. MMTV and LAV are excep- 
tional in that the U3 element can encode an orf. In the 
case of MMTV, U3 contains the whole orf while, in LAV, U3 
contains 110 codons of the 3' half of orf F. f 

Viral Proteins 
9*9 

Near tr* 5' extremity of the gag orf is a "typical initiation 
codon (Kozak, 1984) (position 336), which is not only the 
first in the gag orf, but the first from the cap site. The 
precursor protein is 500 amino acids long. The calculated 
M, of 55,841 agrees with the 55 kd gag precursor poly- 
peptide (Luc Montagnier, unpublished results). The N- 
terminal amino acid sequence of the major core protein 
p25, obtained by microsequencing (Genetic Systems, per- 
sonal communication), matches perfectly with the trans- 
lated nucleotide sequence starting from position 732 (see 
Figure 1). This formally makes the link between the cloned 
LAV genome and the immunologically characterized LAV 
p25 protein. The protein encoded 5' of the p25 coding se- 
quence is rather hydrophilic. Its calculated M r of 14,866 is 
consistent with that of the gag protein pia The 3' part of 
the gag region probably codes for the retroviral nucleic 
acid binding protein (NBP). Indeed, as in HTLV-I (Seiki et 



Figure 3. Schematic Representation of the LAV Long Terminal Repeat 
(LTR) 

The LTR was reconstructed from the sequence of U19 by juxtaposing 
the sequences adjacent to the Hind III cloning sites. Sequencing of 
otigo«jT)-primed LW ONA clone pLAV75 (Alizon et al.. 1984) rules out 
the possibility of clustered Hind 111 sites in the H region of LAV. LTR are 
limited by an inverted repeat sequence (ifl). Both of the viral elements 
Nanking the LTR have been represented as tRNA primer binding site 
(PBS) for 5' LTR and polypurine track (PU) for 3' LTR. Also indicated 
are a putative TATA box. the cap site, polyadenylation signal (AATAAA). 
and polyadenylation site (CAA). The location of the open reading frame 
F (648 nucleotides) is shown above the LTR scheme. 

al., 1983) and RSV (Schwartz et al.. 1983), the motif Cys- 
X 2 -Cys-X^-Cys common to all NBP (Oroszlan et al.. 1984) 
is found duplicated (nucleotides 1509 and 1572 in LAV se- 
quence). Consistent with its function the putative NBP is 
extremely basic (17% Arg + Lys). 
pol 

The reverse transcriptase gene can encode a protein of up 
to 1003 amino acids (calculated M r - 110629). Since the 
first methionine codon is 92 triplets from the origin of the 
open reading frame, it is possible that the protein is trans- 
lated from a spliced messenger RNA, giving a gag-pol 
polyprotein precursor. 

The pol coding region is the only one in which signifi- 
cant homology has been found with other retroviral protein 
sequences, three domains of homology being apparent. 
The first is a very short region of 17 amino acids (starting 
at 1856). Homologous regions are located within the pl5 
gag RSv protease (Dittmar and Moelling, 1978) and a poly- 
peptide encoded by an open reading frame located be- 
tween gag and pol of HTLV-I (Figure 5) (Schwartz et al.. 
1983; Seiki et al.. 1983). This first domain could thus cor- 
respond to a conserved sequence in viral proteases. Its 
different locations within the three genomes may not be 
significant since retroviruses, by splicing or other mecha- 
nisms, express a gag-pol polyprotein precursor (Schwartz 
et al., 1983; Seiki et al., 1983). The second and most ex- 
tensive region of homology (starting at 2048) probably 
represents the core sequence of the reverse transcrip- 
tase. Over a region of 250 amino acids, with only minimal 
insertions or deletions, LAV shows 38% amino acid iden- 
tity with RSV, 25% with HTLV-I, and 21% with MoMuLV 
(Schinnick et al., 1981) while HTLV-I and RSV show 38% 
identity in the same region. A third homologous region is 
situated at the 3' end of the pol reading frame and corre- 
sponds to part of the pp32 peptide of RSV that has ex- 
onuclease activity (Misra et al., 1982). Once again, there 
is greater homology with the corresponding RSV se- 
quence than with HTLV-I. 
•mr 

The env open reading frame has a possible initiator 
methionine codon very near the beginning (eighth triplet). 



117- 




Figure 4. Synth** of RNA-Primed LAV cDNA tor R+U5 (Strong-Stop 

S^This guanine residue is taken as th. hr* base « (he nuctoot.de 
sequence shown in Figure 1. 

If so the molecular weight of the presumed env precursor 
X„(861 amino acid* M f calc - 
with the known size ol the LAV glycoprotein (110 kd and 
90 kd after gryeosidawwawent; Luc Montagmer, unpub- 
Hshed). There are 32**** N-grycosylaton sites (Asn- 
X-Ser/Thr). which ar.<»ar1ined in Figure , i An interesting 
feature of env is the v«y high number of *p > 
both ends of the protein. There are three hydrophobic 
regions, characteristic of the retroviral envelo^prrfeins 
( oI lkl e, ai„ 1983), corresponding to a signal peptide (en- 
coded by nucleotides 5815-5850 bp), a second region 
(7315-7350 bp), and a transmembrane se^tJWl- 
7896 bo) The second hydrophobic region (7315-7350 bp) 
JJfJceded by a stretch rich in Arg * Lys. it is possible 
that this represents a site of proteolytic lavage which, 
by analogy with other retroviral proteins, would give an ex- 
terna, envelope poiypeptide and a ""?«£~,SSS 

feature of the LAV envelope protein sequence is that he 
region following the transmembrane segment is of un- 
usual length (150 residues). The env protein shows no 



Fioure 5 Location ol a Short Stretch ot Homology in the gag-pol Re- 
glon ot the^V. HTLV-I (Seiki e« a... 1983) and RSV (Schwartz e. a... 

1983) Genomes 

reserved amino acids are boxed. Homologous region is shown by 
SEK .he schema. Each virus is ^^ff ^ 
reg,on but the sequence in the RSV genome maps to pis*". «n,ch 
has a protease-associated (unction. 

homology to any sequence in protein data banks. The 
small amino acid motif common to the transmembrane 
proteins of all leukemogenic retroviruses (Cianc.olo et al.. 

1984) is not present in LAV env. 

The tocation of orf Q is without precedent in the structure 
of retroviruses Orf F is unique in that it is nal*«nco*d 
by the U3 element of the LTR. Both orf have strong initiator 
codons (Kbzak, 1984) near their 5' ends anc lean encode 
proteins of 192 amino acids <M, calc - 22.487) and 206 
So acids (M, calc - 23516). respectively. Both puta- 
tive proteins are hydrophilic (pQ 49% polar. 15.1% Arg + 
Lys pF 46% polar. 11% Arg + Lys) and are therefore un- 
likeiy to be associated directly with membrane. The func- 
tion for the putative proteins pQ and pF cannot be 
predicted, as no homology was found by screening pro- 
tein sequence data banks. Between orf F and the pX pro- 
tern of HTLV-I there is no detectable homology. Further- 
more their hydrophobicity/hydrophilicity profiles are 
completely different. It is known that retroviruses can 
transduce cellular genes-notably proto-oncogenes 
(Weinberg. 1982). We suggest that oris Q and F represent 
exogenous genetic material and not some vestigeo cel- 
lar DNA because LAV DNA does not hybridize to the hu- 
man genome under stringent conditions (Alizon el ^ al 
1984). and their codon usage is comparable to that of the 
gag. pol. and env genes (data not shown). 

Relationship to Other Retroviruses 

though LAV is both morphologically and biochemically 
SanVsinoussi et al.. 1983) distinct to HTLV-I and -II. -« re- 
mained possible that its genome was organized in a j 
,ar manner. The characteristic features of HTLV-I and ^ 
genomes, which mey share with the moredis^yrewed 

bovine leukemia virus (BLV) (Rice et al.. 1984). are no 
observed in the case of LAV. These are: a region ,3 o. 
the envelope gene consisting of a "^"J 
(600-900 bp), followed by a coding sequence of 307-357 
codons (X open reading frame), which may slightly over- 
Che U3 4>n of the LTR (Seiki e. al. 1983; Rice 
1984; Sagata et al.. 1984) and. second, the LTR being 
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Table 2. Comparison of the Size of the LAV LTR and LTR-Related 
Element to Those of Other Retroviruses _ 



LTR U3 



U5 



PU PBS 



LAV 638 456 97 85 15 LYS 4 

HTLV-I 759 355 228 176 12' PRO * 

HTLV-II 763 314 248 261 12' PRO 4 

MMTV 1.332 1.197 11 124 19 LYS 8' 

MoMuLV 594 449 68 77 13 PRO 3 

RSV 335 234 21 80 11 TRP 15 

SNV 601 420 97 80 13 PRO 9 



Adapted from Chen and Barker (1984). 
i = imperfect match or tract. 
SNV * spleen necrosis virus (Shimotohno and Temm. 198Z). 

composed of unusually long U5 and R elements and the 
polyadenylation signal being situated in U3 instead of R 
(Seiki et al.. 1983; Sagata et al. t 1984; Shimotohono et al., 
1984). We show here that, in contrast, the 3' end of the LAV 
envelope gene overlaps an open reading frame, termed R 
that has the coding capacity for 206 amino acids and ex- 
tends within the UR (1 10 amino acids are encoded by the U3 
region). The putatively encoded polypeptide (pF). the pri- 
mary structure of which can be deduced, does not show 
any homology with the theoretical X gene products of the 
HTLV/BLV family. Also, the U5 and R elements are shorter 
(Table 2) and the polyadenylation signal is located within R. 
as is the case for all retroviruses except the HTLV/BLV. Ad- 
ditionally, LAV uses tRNA? as (-) strand primer, as op- 
posed to tRNAP* employed by all other mammalian retro- 
viruses except MMTV (Donehower et al.. 1981). Those 
homologies detected between the polymerase and pro- 
tease domains of LAV and HTLV are also found in several 
retroviruses, RSV in particular. 

It has been reported that a cloned HTLV-III genome 
hybridizes (T m = 28°C) to sequences in the gag-pol and 
X regions of HTLV-I and -H; although restriction maps of 
cloned LAV and HTLV-III show almost perfect agreement 
(Harm et al . 1984), we were unable to detect any such 
hybridization between LAV and HTLV-II (T m - 55«C) 
(Alizon et al., 1984). Indeed, there is a punctual region of 
homology between LAV and HTLV-I (23*7' nucleotides 
starting * position 1859 in the LAV sequence) but nothing 
significant between the two viruses in the X region of 
HTLV-I One possible reason for this discrepancy is that 
HTLV-III is subtly different from LAV. However it was sub- 
sequently reported that there was very minimal, if any, ho- 
mology between orf X (of HTLV-I) and HTLV-III (Shaw et al.. 
1984). 

Discussion 

Regulatory sequences carried by retroviral LTR are be- 
lieved to be involved in specific interactions between the 
viral genome and the host ceil (Srinivasan et al., 1984). 
The LTR sequences of LAV are unique among retrovi- 
ruses. That could reflect an original mode of gene ex- 
pression, possibly in relation to particular transcriptional 
factors present in the virus-harboring cell. This hypothesis 
can be tested by studying the regulatory activity of the LAV 



LTR sequences in transient or long-term experiments in- 
volving an indicator gene and different cellular contexts. 

The presence of the Q and F reading frames in addition 
to the conventional gag-pol-env set of genes is unex- 
pected. One should now address the question of their role 
in the viral cycle and pathogenicity by trying to character- 
ize their protein product(s). It is tempting to speculate on 
a role of such polypeptide(s) in T4 cells' mortality, a prob- 
lem that can be studied by designing synthetic peptides 
for antibody production or by using site-directed mutagen- 
esis of Q and F coding regions. 

The peculiar genetic structure of LAV poses the ques- 
tion of its origin. The virus shares common tracts with other 
(apparently unrelated) retroviruses. For instance, the un- 
usually large size of the outer membrane glycoprotein 
(env) and a comparably sized genome are also observed 
in the case of lentiviruses such as Visna (Harris et al., 
1981; Querat et al., 1984). The presence of a large part of 
the F open reading frame in the LTR. and the use of 
tRNA'? as a primer for (-) strand synthesis, is reminis- 
cent of the mouse mammary tumor virus. On the other 
hand, homologies in the pol gene would suggest that the 
LAV is closer to RSV than to any other retroviruses. Obvi- 
ously, no clear picture can be drawn from the DNA se- 
quence analysis as far as phylogeny is concerned. Thus, 
it may well be that LAV defines a new group of retroviruses 
that have been independently evolving for a considerable 
period of time, and not simply a variant recently derived 
from a characterized viral family. Both epidemiology and 
pathogeny of AIDS should be reconsidered with this idea 
in mind, when trying to answer such questions as these: 
Are there other human or animal diseases that are as- 
sociated with similarly organized viruses? Is there a precur- 
sor to AIDS-associated virus(es) normally present, in la- 
tent form, in human populations? What triggered in this 
case the recent spreading of pathogenic derivatives? 

Experimental Procedure* 
M13 Cloning end Sequencing 

Total U19 DNA was sonicated, treated with the Klenow fragment of 
DNA polymerase plus deoxyribonucleotides (2 hr. 1FC). and fraction- 
ated by agarose gel electrophoresis. Fragments of 300-600 bp were 
excised, electrocuted, and purified by Elutip (Schleicher and Schull) 
chromatography. DNA was ethanoHKeopitated using 10 M g dextran 
T40 (Pharmacia) as carrier and ligated to dephosphorylated. Smai- 
cleaved Ml3mp8 RF DNA using T4 DNA and RNA ligases (16 hr. 16«C) 
and transfected into E. coli strain TG-I. Recombinant clones were de- 
tected by plaque hybridization using the appropriate "P-labeJed LAV 
restriction fragments as probes. Single-stranded templates were pre- 
pared from plaques exhibiting positive hybridization signals and were 
sequenced by the dideoxy chain termination procedure (Sanger et al.. 
1977) using a-»SWATP (Amersham. 400 Ci/mmol) and buffer grad.ent 
gets (Biggen et al.. 1983). Sequences were compiled and analyzed 
using thTprograms of Staden adapted by a Caudron for the institut 
Pasteur Computer Center (Staden, 1982). 

!^^nT^Hfected T lymphocyte (Barre-Sinouss, et a. 1983) 
culture supernatant were pelleted through a 20% sucrose cushion and 
the cDNA(-) strand was synthesized as described previously (Ahzon 
et al 1984) except that no exogenous primer was used. After alkaline 
hydrolysis (03 M NaOH. 30 min. 65-C). neutralization, and phenol ex- 
trSme cONA was ethanoH^iprtated and loaded onto a 6% 
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acrylamide/8 M urea sequencing gel with sequence ladders as size 
markers. 
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Sir — Francis Crick considers in News 
and Views under the title "Memory and 
molecular turnover" 1 the problem, often 
overlooked, that although memory 
operates over periods of years or decades, 
most macromolecules (with the exception 
of DN A) turn over with half lives of hours 
or weeks. Crick sees the dilemma since 
memory is prolonged and a consequence of 
tnter-synaptic interaction which is 
dependent on fixed intrasynaptic macro- 
molecules, such as membrane glyco- 
proteins, either singly or more probably in 
larger aggregates of some form. To sustain 
memory two alternative strategics are 
proposed, either the memory macro- 
molecule is immune from turnover (a less 
likely possibility for Crick) or the memory 
macromolecules in a synapse can be 
replaced one at a time without altering the 
overall state of the memory macro- 
molecular complex. 

My response to Crick's interesting 
challenge lies in the observation that peri- 
nuclear (often sided) membrane disposition 
is required before protein catabolism in 
normal cells takes place 2 and some special 
association of proteins with cytoskeletal 
elements may precede routing to the 
cellular destructive machinery • . 

Nerve cells are exquisitely polarized with 
the cell body (nucleus, polysomes and 
Golgi) quite spatially distinct from synapse 
forming processes such as axons or 
dendrites. Therefore, memory proteins dis- 
patched from around the nucleus into pro- 
cesses by axoplasmic flow would need to 
retrace their steps for destruction as 
described in the protein turnover cycle 5 . It 
is not at ail fanciful to suppose that the 
intricate arborizations of nerve cell pro- 
cesses in the temporal cortex (and every 
where else) have evolved, at least in pan 
in order to separate and 'immunize* infor 
mational macromolecules spatially from 
the apparatus of molecular turnover. 
Simply detaching such macromolecules 
from the neuroskeletai system would 
suffice (compare refs 2-4), thereby pre- 
venting (or slowing) the return of the 
macromolecules to the perinuckar destruc- 
tive machinery. AKcrnarivety, selective 
reversible detachment-attachment to the 
neuroskeleton would identify populations 
of proteins (or individual proteins) which 
are to be routed for destruction and 
replacement. 

Both of the above alternatives could be 
mediated by protein modifications such as 
those described by Crick. Likewise both 
possibilities could operate together in a 
single neurone. Either way, neuronal evo- 
lution could have capitalized on the spatial 
separation of proteins (in membranes) in 
the synapses of cellular processes away 
from the perinuclear destruction apparatus 
in cell bodies so that information storage 
is achieved by permanent or temporary 
macromolecular stabilization. 
It is perhaps jaiutory in an ageing human 



population thai facultative loss, as occurs 
in Alzheimer's disease, and motor disorder, 
as seen in Parkinson's disease, might be 
triggered bv the disruption of the status ot 
cell body-synaptic crafficking in cortical 
neurones and nigro-striated pathways re- 
spectively, leading to intraneuronal degra- 
dative (degenerative) processes. 

R.J. Mayer 
Department of Biochemistry, 
The Medical School, 
Queen 's Medical Centre, 
Clifton Boulevard, 
Nottingham NG7 2UH, UK 
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Human B-cell cytotoxic 
ymphokine priority 

Sir — The recent article on the cloning 
and expression of human lymphotoxin by 
scientists from Genentech Inc. 1 described 
work that first came to my attention when 
a report appeared in The Guardian of 6 
June 1984 concerning an announcement by 
the company that they had developed a new 
cancer drug which did not have side effects. 
The initial scientific papers from 
Genentech 2 stated that the lymphotoxin in 
question had a relative molecular mass 
(Af f ) of approximately 20,000. 1 therefore 
thought that it must be a new cytotoxic 
lyraphokine. Some seven years earlier 3 - , I 
had published a description of a humoral 
cytotoxic factor produced by a human lym- 
phoblastoid cell line of B-ceil lineage deriv- 
ed from a local patient with leukaemia. 

Those papers of mine, which character- 
ized the properties of the factor and how 
it was distinguished from other forms of 
cell killing, were probably the first well 
documented studies showing that some 
human B-lymphoblasts growing in vitro 
produced a cytotoxic lyraphokine. In these 
early papers we also reported that the 
humoral factor preferentially kills malig- 
nant cells and that it had reduced by ap- 
proximately 50 per cent the inridence of 
malignancy (fibrosarcoma) in iruce* 4 . Our 
studies also showed that the cytotoxic fac- 
tor was a protein with an M t of 
65,00O±L00O 5 . 

In the recent paper in Nature by 
Genentech, the authors state that their 
initial published result (1934) on the rdanve 
molecular mass was incorrect and that the 
actual M t of this human lymphoblastotd 
cell-derived lymphotoxin is 60,000-70,000. 
This value is so closely similar to the *5£00 
M T we had previously reported in 19*0\ 
that it now seems extremely likely that the 
human B-lymphoblast-produced lympho- 



,onc r J re-.'eni.v ?\ Gene n: sen — 
is identical *ith the cytotoxic factor first 
described in 1977' \ It will be for future 
studies to establish whether the cytotoxic 
factor described from Cambridge in 1977 
and the lymphotoxin described in 1984 in 
the United States are in fact identical and 
to explore the efficacy in the treatment of 
malignant states. 

A. Karp*s 

Department of Haematological Medicine, 
University of Cambridge 

Clinical School, 
Hills Road, 

Cambridge CB2 2QL, UK 



1 Gw. P W. ft ai. Saturt 312. 721 

2 Msarwai. B 9 " " ■ J btot Chrm 1S *' 646 ,t9U, 
). Karpas. A. *w. J. Cancer 35. 152 il*"> 

A Kirpu. A. Bnt. J Canctr 3*. *V (l»r?). 

3 Neumann, H. & Kirpu. A. awe*. J- m. W < iwn. 



HTLV-m, LAV, ARV are 
variants of same AIDS virus 

Sir - Retroviruses have been isolated 
reproducibly from patients with the ac- 
quired immunodeficiency syndrome 
(AIDS), and have been designated human 
T-cell lymphotropic virus (HTLV) type 
M l , lymphadenopathy-associated virus 
(LAV)*, or rather recently. A I DS-related 
virus (ARV) 3 by different groups of in- 
vestigators. Forty-eight independent 
HTLV-M isolates were originally reported 
from our laboratory' , several additional 
ones since** 5 , and now we have obtained 
more than 100 independent isolates (S.Z. 
Sakhuddin etaL, in preparation). The re- 
cent publications of the complete 
nucleotide sequence of two HTLV-M 
proviruses 6 , LAV 7 , and ARV 1 allows a 
detailed comparison (see table). Sequences 
of HTLV-M clones BH5 and BH8 
(representing the 5' and 3 ' portions of pro- 
viruses), respectively), clone LAV la, and 
ARV-2 are compared to HTLV-M clone 
BHI0. LAV is closely related to HTLV-M 
clone BH10 and differs in 1.5* of 
nucleotides and 2.2* of amino acids, while 
ARV-2 differs in 6.3* of its base pairs and 
9.2* of its amino acids from that of 
HTLV-M clone BHI0. These data show 
that HTLV-M, LAV, and ARV are 
variants of the same virus. The greater se- 
quence divergence of ARV from HTLV-M 
is not likely to be a result of errors in se- 
quence extermination. First, sequences ob- 
tained independently in different 
laboratories for the same HTLV-M clones 
were in agreement*. Second, multiple 
clones of ARV isolated from the same cell 
line infected with a virus isolate from a 
single individual differ in sequence from 
one another by only 2 or ) base pairs 
(bp/. Third, we have sequenced another 
proviral clone of HTLV-M derived from 
another one (RF) of the original 4* isolates 
reported 1 , which differs from BHI0 to a 
riffiiiar degree as docs ARV (our unpublish- 
ed observations with B. Starcxh. B. Harm 
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AIDS virus sequence* 
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t Deletion of one copy of 36-bp (12 amino acid) direct repeat sequence. 
§ Insertion of 9-bp sequence and deletion of 1 5 -bp sequence. 
: j Deletion of 15-bp (5 ammo acid) sequence. 

1 1nsertion of 1 5-bp ( 5 amino acid) sequence. ., h . () % ^a\ and IS bo (5 amino acid) sequences. 

* Deletion of 18-bp (6 amino add) sequence, insertion of 1 2 bp (4 ammo acd) sequence, deletion of 6 bp <^««w^nd I5bp (3 amino ^ 

Includes full open reading frame denned by BH8 and LAV sequences: 8H10 has a term.nation codon at amino aod position 134. 
*t Insertion of 12 -bp (4 amino acid) sequence. 

designated env-lor, which encodes the 
precursor to the envelope proteins and 



and G. Shaw). 

The DNA sequence data confirm the fin- 
dings from restriction enzyme site analysis 
3f the HTLV-III genomes which show a 
ipectrum of diversity from closely related 
o more distantly related variants (ref . 9 and 
F.W.-S. et at., unpublished). The closer 
imilarity of the LAV DNA sequence to 
hat of HTLV-III might be because the in- 
lividuals from whom these isolates were 
lehved acquired the vims at a similar time 
nd place. In fact, many of our earliest 
1TLV-III isolates were all from specimens 
)btained in late 1982 or early 1983 from the 
:ast coast of the United States 1 - 10 and 
LAV, although isolated from a French man 
#ith a lymphadenopathy syndrome, had h» 
:ontact in New York in the same period 2 . 
In contrast, the individual from whom 
\RV was derived was from California, and 
he specimen was apparently obtained is 
I984 3 . The other more divergent vims 

RF) was obtained from a Haitian patient 
n 1983. 

A comparison of the ARV sequence with 
hat of HTLV-III reveals the greatest 
mcleotide sequence conservation in the 
-TR and the gag, poi. and short open 
eading frame (sor) genes. Many of the 
lifferences between the AIDS virus 
equences represent in-frame deletions and 
nsenions (see notes at bottom of table), 
"he non-coding areas are somewhat less 
onserved. The most divergence, however, 
s within the open reading frame. 



possibly a second protein analogous to lor 
in HTLV-I, HTLV-II, and bovine 
leukaemia vims (BLV). Of note is the high 
level of heterogeneity in the extracellular 
portion of the envelope which differs in 
17.0* of its predicted amino acids (8.5* 
non-conservative amino acid differences) 
from that predicted for HTLV-III clone 
BH10. These data may have significant 
implications for immune system 
interactions with AlDSLvirus infected cells, 
as well as in the design of reagents for viral 
detection and treatment. 

The sequence of clone H9pv22 also 
derived from HTLV-III-infected H9 cells 
shows 0.5* nucleotide and 0.6* amino- 
acid differences from that of clone BH10 
(ref.U). 

The presence of a fww-acting and tran- 
scriptional enhancer in HTLV-III-infected 
cells, as was demonstrated in HTLV-I, 
HTLV-II and BLV-infected cells, suggests 
that there is a gene for lor in the HTLV- 
UI genome that may mediate this acti- 
vity 11 . We have hypothesized that the 3' 
portion of the open reading frame desig- 
nated env-lor may be responsible for this 
function*, though others have not made a 
similar interpretation 7 1 1 

The similarities and differences of the 
AIDS virus isolates to other retroviruses, 
including the HTLV-BLV family, are 
discussed in the recent publications* 4 . The 



important general structural features of this 
virus, most notably juxtaposition of 
myrgagtin, p!7, and laigagtin, p24 (see ref. 
13 for terminology) and the presence of a 
lor coding sequence, suggest that these 
viruses are related to other members of the 
HTLV-BLV family. In aduiuon, we are 
confident that HTLV-III shares nucleotide 
sequence homology with the maedi-visna 
lenti-retrovirus 14 , although another report 
shows no homology of LAV to visna li . 
We cannot explain this descrepancy. A 
more comprehensive discussion of factors 
to be considered in taxonomk assignments 
for this virus is forthcoming (W.A. 
Haseltine ei a/., in preparation). 

L. Ratner 
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F. Wono-Staal 
Laboratory of Tumor Ceil Biology, 
National Cancer Institute, 
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HS" results in a change^mly about 20 
fii V in the correspondin^^ipuj^Eh in 

Fig. 2, whereas the tot^erti^Wange 

exceeds 1000 mV. The same argument 
applies to the computed activity coeffi- 
cients; any realistic change in activity 
coefficients results in a trivial change in 
the distribution of computed Eh values. 

The pH is important in determining the 
distribution of points in Fig. 2. In fact, 
the linear correlation among computed 
pE (negative logarithm of the electron 
activity) (or Eh) values reported in some 
publications, for example, (S), for coex- 
isting aqueous couples appears to reflect 
an autocorrelation among the dominant 
pH terms in the Nernst equations for 
each of the couples. 

There are published suggestions that 
Eh measurements might be improved if 
the values were computed from analyses 
of "indicator" couples, such as I~/IOf 
(IS) or As(III)/As(V) (16). Unfortunate- 
ly, this approach does not circumvent 
the fundamental difficulty that redox re- 
actions in the waters are not at internal 
equilibrium among themselves. There- 
fore, an "indicator" Eh no more repre- 
sents a master redox value for the water 
than the usual Eh as measured by a 
noble-metal electrode. Whitfield (4) has 
suggested that Eh measurements may 
still be useful as qualitative indicators of 
the overall redox state of a water sample. 
However, we believe that it would be 
better to measure certain sensitive spe- 
cies, such as aqueous oxygen, hydrogen 
sulfide, or methane as qualitative guides 
to the redox status of the waters. 

The concept of Eh remains a valuable 
tool for theoretical and pedantic pur- 
poses. However, in the apparent ab- 
sence of internal redox equilibrium, in- 
vestigators should abandon the use of 
any measured master Eh for predicting 
the equilibrium chemistry of redox reac- 
tions in normal ground waters. Our con- 
clusions are most severe in the context 
of predictive computer modeling of the 
chemistry of natural waters and waste- 
waters. In order to provide meaningful 
redox input for such models, it may be 
necessary to analyze the samples for the 
dominant ions of every redox element of 
interest. Wolery (17) has suggested this 
approach for testing the state of redox 
equilibrium, using his EQ3NR computer 
model. If any measured Eh is used as 
input for equilibrium calculations, the 
burden rests with the investigator to 
demonstrate the reversibility of the sys- 
tem. 

Ralph D. Lindberg 
Donald D. Runnells* 
Department of Geological Sciences. 
University of Colorado* Boulder 80309 
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Homology of Genome of AIDS-Associated Virus with 
Genomes of Human T-Cell Leukemia Viruses 

Abstract A T lymphot topic virus found in patients with the acquired immune 
deficiency syndrome (AIDS) or lymphadenopathy syndrome has been postulated to 
be the cause of AIDS. Immunological analysis of this retrovirus and its biological 
properties suggest that it is a member of the family of ^^J[^^ f ^ 
retroviruses known as HTLV. Accordingly, it has been named HTLV III. In the 
present report it is shown by nucleic acid hybridization that sequences of the genome 
of HTLV-IU are homologous to the structural genes (gag, pol, and env) of both 
HTLV I and HTLV-II and to a potential coding region called pX located between the 
env gene and the long terminal repeating sequence that is unique to the HTLV family 
of retroviruses. 



Human T-cell leukemia virus (HTLV) 
was first identified as an infectious agent 
etiologically associated with adult T-cell 
leukemia (ATL) (i). A related but dis- 
tinct retrovirus was isolated from a T- 
cell variant of hairy cell leukemia (2). 
These viruses, known, respectively, as 
HTLV-I and HTLV-II, show a tropism 
for human T cells, particularly OKT4* 
cells, and have the capacity to immortal- 
ize and transform normal T cells in cul- 
ture (J), alter certain T-cell immune 
functions in vitro (4), inducc.the forma- 
tion of giant multinucleated T cells (5), 
and, in some cases, selectively kill cer- 
tain T cells (6). These properties and 
data from epidemiologic studies of the 
acquired immune deficiency syndrome 
(AIDS), which is uniformly associated 
with OKT4 + helper cell depletion (7), led 
us and others to speculate (8) that a 
member of the HTLV family might be 
the etiological agent of this disease. In 
support of this hypothesis was the find- 
ing that up to 80 percent of AIDS pa- 
tients, but less than I percent of non- 



AIDS patients from similar risk groups, 
have serum antibodies that react with the 
envelope protein of HTLV (9). Howev- 
er, actual isolations of the known sub- 
groups of HTLV (that is, HTLV-I and 
HTLV-II) from AIDS patients were in- 
frequent (10). 

Recently, we reported repeated isola- 
tions of a T lymphotropic retrovirus with 
cytopathic but not immortalizing activity 
from patients with AIDS (//). This virus 
can be grown in a previously immortal- 
ized T-cell line (HT) that is relatively 
resistant to the cytopathic effects of the 
virus and can grow in the absence of T- 
cell growth factor (interleukin-2) (12). 
Using the infected cells as well as puri- 
fied virus particles in immunological as- 
says, we found that the serum of 80 to 
100 percent of AIDS patients and 70 to 
80 percent of patients with lymphadeno- 
pathy syndrome reacted positively (13). 
On the basis of its T-cell tropism, the 
size and Mg 2 * preference of its reverse 
transcriptase, the size of its major core 
protein (24,000 daltons) (74), some anti- 
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gcnic ci^ss'-reacuvity of Us pro A wuW < 
HTLV-I arid HTLV-II (14), aWls » 
pacity to induce formation of giant multi- 
nucleated cells (/2), we consideiedthtt 
virus to be a member of the HTLV 
family and designated it HTLV-III. Here 
we show that certain sequences of the 
genome of HTLV-III and both HTLV-I 
and HTLV-II are homologous, with the 
most conserved sequences being located 
within the gag-pot region and less \&t 
detectable homology occumng in the 
env and pX region. 

Virus particles were punned from su- 
pernatant fluids of HT cells, clone 9 (H9) 
infected with HTLV-III (HTLV-III B ) by 
centrifugation through a sucrose density 
gradient at equilibrium [12). HTLV-III B 
was originally obtained from pooled su- 
pernatants of short-term lymphocyte cul- 
tures of AIDS patients. Virus particles 
were also purified from normal peripher- 
al blood lymphocytes newly infected by 

A 1 2 3 4 5 B 1 2 3 4 5 6 
kb 



virus of a primary leukocyte cultur^^ 
^another AIDS patient (HTLV-III Z ) ( W 
The particles were lysed with sodium 
dodecyl sulfate (SDS), digested with pro- 
teinase K. and directly chromatographed 
on an oligo(dT) cellulose column. The 
resulting polyadenylate [poly(A)]-con- 
taining RNA was used as template to 
synthesize 32 P-labeled complementary 
DNA (cDNA) in the presence of oli- 
go(dT) primers. The size of the resultant 
cDNA ranged from 0.1 to 10 kb (not 
shown). When these labeled cDNA's 
were hybridized to poly(A)-containing 
RNA purified from infected and unin- 
fected H9 cells as well as other uninfect- 
ed human cell lines, only the infected H9 
cells contained homologous RNA se- 
quences as evidenced by discrete RNA 
bands after Northern hybridization. Fig- 
ure 1 shows that cDNA preparations 
from HTLV-IIIb and HTLV-III Z gave 
identical patterns, detecting RNA spe- 



cies of about 9.0, 4.2. and 2.0 kb. These 
bife are similar in size to those cone- 
sflHEing to genomic size messenger 
RNA (mRNA) and spliced mRNA's of 
env and pX sequences previously ob- 
served in cells infected with HTLV-1 
(15), consistent with the anticipated re- 
latedness of these viruses. Furthermore, 
viral mRNA bands of HTLV-lI-infected 
cells were detected with an HTLV-III 
cDNA probe (Fig. lb. lane 6) and again 
the sizes of the mRNA were like those 
with HTLV-I. 

To determine directly the homology 
between HTLV-III and HTLV-l and 
HTLV-IL we hybridized HTLV-III 
cDNA to cloned genomes of HTLV-I 
and HTLV-II digested with specific re- 
striction endonucleases. Complete ge- 
nomes of a prototype HTLV-I {16), an 
HTLV-I variant called HTLV-Ib {16), 
and HTLV-II were digested with two 
restriction enzymes as indicated in the 
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HTLV-lb 



i r 



5.2- 
3.4- 
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Fig I. HTLV-III-specific sequences in cellu- 
lar RNA from HTLV-infected cells. Poly(A>- 
selected cellular RNA was size-separated by 
formaldehyde-agarose gel electrophoresis 
transferred to Zeta probe membrane (Bio-Rad 
Labs) by electroelution and hybridized to (A) 
HTLV-IIIb cDNA and (B) HTLV-III Z 
cDNA. (A and B) Lane 1 . uninfected H9 ceUs 
(5 ^g); lane 2, HTLV-IIIa-infected H9 'cells 
(10 ila); lane 3, leukemic Jurkat cells (10 
ane 4 HTLV-l-infected C5/MJ cells (5 ng); 
and lane 5. HTLV-II-infected MO cells (5 
ag). (B) Lane 6, a longer exposure of lane 5 in 
(B). Poly(A)-selected RNA was prepared by 
guanidine-HCl extraction and cesium cWonde 
Sntrifugation followed by oligo(dT)« cellule 
chromatography as described (24) T*e cDNA 
was transcribed from poly(A)-selected virus- 
associated RNA with the use of ol^oCd^ as a 
primer and avian myeloblastosis virus Re- 
directed DNA polymerase as descnt»d(^). 
The hybridization was performed at 37%. tor 
16 hours in a mixture containing 40 F«rc en j 
formamide, 5x standard sodium chloride and 
si citrate (SSC; 0.15M NaCl and<MH5M 
sodium citrate, pH 7), 0.05M sodium phos- 
phate buffer (pH 7), 5 x PM (0.02 percent each 
of bovine scrum albumin, polyvinylpyrrol- 
idone, and Ficoll 400). yeast RNA (200 
ml), denatured salmon sperm DNA (20 m# 
ml), 0.1 percent SDS, and 10 percent dextran 
sulfate. The membrane was subsequently re- 
peatedly washed with 2x SSC and 0. 1 percent 
SDS at 62°C, air-dried, and exposed to a 
Kodak XAR film with the use of intensifying 
screens. 
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„ f hti V-IITo with the genomes of HTLV-I and HTLV-II . 

Fig. 2. Relatedness of the genome of HTLV-IIIb™"'™ £ expected sizes of the fragments 
Sifes of digestion by the relevant reemcuon "^g^ffigg, and HTLV-II (pMO) 
are shown below the gels. ^'? n ?.^ |^^iirion enemies and fragments were separated by 
DNA's were digested w.th the indicated ™*^Z^^™^23). and hybridized with 

agarose gel ^, h( « s, ^f^ L vT^ > P» us 1 Z'^l 

HTLV-UIbcDNA. Lanes 1 and 2, mw i ■ ^ ^ with Sst I plus Pst I and 

plus Sal I. respectively ; lanes 3 and 4 « T LV-Ib(VMC una a* ^ ^ ffl plus 

Sst I plus Sal I. respectively; tones 5 ^ 6 ; «TLV U P«^^ ^» v ., (xMC) dones were 
Xho I and Bam HI plus Eco RI. respec lively ^^^^sx and M.C.. respectively, 
obtained from the genomic ^^° N A\Sil53SS- KB DNA (16). HTLV-I 
Both cellular DNA's were c oned at the Ss | » *" « HartaiS of HTLV-I that contains some 
WD is a prototype HTLV-I and HTLJ/-lb ( XMQ « a n I ^ 5. end 0 f 

divergent restrict!^ 

the viral 8«»«™ <^>- "T L nJi P ^rV e cD NAwaT synthesized as described in Fig. 1 and 
site of plasnud pBR322 DNA Th J£ a £1^^ 

Tne^mLne was subseouently washed and exposed as desenbed in 
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legend to Fig. 2 and bta^hybridized to 
>- ,: P-tabeted HTLV-III^»A^^egion 

spanning the gag and pTTTgenSRowed 

the greatest homology. For the proto- 
type HTLV-I, this corresponds to the 
1.7-kb Pst I-Pst I fragment and 5.3-kb 
Sst l-Sal I fragment. HTLV-Ib, which 
lacks a Pst I site indicated in parentheses 
in Fig. 2, revealed the expected 3.0-kb 
Pst I-Pst I fragment instead. Similarly, 
strong hybridization to the gag-pol se- 
quences of HTLV-II also occurred. This 
is reflected in the 4.2-kb Bam Hl-Xho I 
fragment and the 4.0-kb Bam HI-Eco RI 
fragment (Fig. 2, lanes 5 and 6). 

Fragments corresponding to the env 
and pX sequences of HTLV-I and 
HTLV-II also hybridized weakly with 
HTLV-IIIb cDNA (see the 2.4-kb Pst I- 
Pst I and the 2.1-kb Sst I-Pst I fragment 
in Fig. 2, lane 1) as did the 1.4-kb Pst I 
fragment of HTLV-Ib containing only 
pX sequences (Fig. 2, lane 4). The ease 
of detection of these sequences varied 
with different preparations of cDNA, 
probably because of variable representa- 
tions of the 3' end of the virus genome. 
We used cDNA from both HTLV-IIIb 
and HTLV-IIIz. Figure 3 shows the re- 
sults for HTLV-IIIz cDNA. Subclones 
of HTLV-I containing different regions 
of the genome were hybridized to 
HTLV-IIIz cDNA (Fig. 3A). With the 
exception of fragment c, which corre- 
sponds to an internal portion of the pol 
gene, all fragments were detected by 
hybridization, including fragment a 
(LTR-gag) after long exposure of the 
autoradiogram. Similarly, the 3' half of 
HTLV-II contained in the 3.5-kb Bam 
HI-Bam HI fragment and the 2.3-kb 
Bam Hl-Xho I fragment could be detect- 
ed with this particular HTLV-III cDNA 
probe (Fig. 3B). 

Retroviruses called LAV (or some- 
times IDAV, and IDAV 2 ) have been 
isolated from patients with lymphadeno- 
pathy syndrome and AIDS (17). Al- 
though LAV has been reported to lack 
relatedness to HTLV-I and -II (17), fur- 
ther characterization of its proteins and 
nucleic acids may reveal that LAV is 
related to these viruses and is identical to 
or related to HTLV-III. 

The present data showing that certain 
nucleotide sequences of HTLV-III are 
homologous to sequences of HTLV-I 
and HTLV-II support our proposal that 
this virus should be classified within the 
HTLV family. However, HTLV-III is 
much less related to HTLV-II and 
HTLV-I than HTLV-II and HTLV-I arc 
to each other. It is of interest that still 
other HTLV-related T lymphotropic ret- 
roviruses have been identified in Old 
World monkeys (18). These primate vi- 
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Fta 3 Relatedness of the genome of HTLV-III Z with the genomes of HTLV-l and HTLV-II. 
DNA from subclones of HTLV-l ST and HTLV-II MO was digested with the indicated restriction 
enzymes. Fragments were separated by agarose gel electrophoresis, transferred to a nitrocellu- 
lose membrane (24), and hybridized with HTLV-III, cDNA. (A) HTLV- subclones were 
constructed by "shotgun" cloning of fragments generated by congestion with Pst I and Sst I 
into pBR322 containing fragments designated a to e on the illustrated restriction map of HTLV- 
I The viral inserts were released by digestion with the appropriate enzymes. IB) HTLV-U 
(pMO) DNA: Lane I, digested with Bam HI: lane 2. digested with Bam HI plus Sma I; lane 3. 
digested with Bam HI plus Xho I. The cDNA was synthesized as in Fig. 1 and hybridization was 
performed as in Fig. 2, except that the hybridization mixture contained 40 percent formamtde. 



ruses are closely related to HTLV-I and 
only minimally to HTLV-II (19). Al- 
though the most conserved sequences of 
HTLV-III are in the region spanning the 
junction of the predicted gag and pol 
genes, other weakly homologous se- 
quences are also detected in the env and 
pX genes. Homology in the gag and env 
coding sequences has already been sug- 
gested by immunological cross-reactivity 
between these antigens derived from the 
three subgroups (14). Homology in the 
pX region is an additional demonstration 
that HTLV-III belongs to the HTLV 
family, which is unique among retro- 
viruses in its possession of the pX genes 
(20, 21). It is interesting that pX is the 
most conserved region between HTLV-I 
and HTLV-II (21) and that both of these 
viruses can transform T cells in vitro. In 
contrast, the pX region is much less 
conserved in HTLV-III, a cytopathic 
virus that lacks transforming activity (/ 1 , 
12). 

Comparisons of the LTR regions be- 
tween HTLV-I and HTLV-II have re- 
vealed a conserved 21 -bp repeat se- 
quence in two otherwise very divergent 
LTR's (22). The location of this se- 
quence upstream of promoter sequences 
suggests that it is similar to other viral 
enhancer sequences. In view of the tro- 



pism of HTLV-III for OKT4* lympho- 
cytes, it will be interesting to see if this 
virus also has such an enhancer se- 
quence in its LTR. Our present study 
does not allow us to compare specifically 
the LTR of HTLV-III to those of HTL V- 
I and -II. However, the weak signal 
obtained with 5' and 3' ultimate frag- 
ments containing the LTR suggest that 
these elements have minimal or no ho- 
mology. 

Suresh K. Arya 
Robert C. Gallo 
Beatrice H. Hahn 
George M. Shaw 
Mikulas Popovic 
S. Zaki Salahuddin 
Flossie Wong-Staal 
Laboratory of Tumor Cell Biology, 
Developmental Therapeutics Program, 
Division of Cancer Treatment, 
National Cancer Institute, 
Bethesda, Maryland 20205 



1. R. C. Gallo and F. Wong-Staal. Blood 60, 545 
(1982); R. C. Galto, in Cancer Surveys. 
Franks, L. M. Wyke, R. A. Weiss Edv (Oxford 
Univ. Press, Oxford, 1984). vol. 3. pp. I 3-159 

2. V. S. Kalyanaraman et al.. Science 218. 5/1 
(1982). 

3 I. Miyoshi et at.. Nature 1 London* 294-. 770 
(1981); M. Popovic. G. Lmi;- w mum- P- S. 
Sarin. D. Mann. R. C. Gallo. Proc. Satt. Acad. 
Set. U.SA. m, 5402 (1983); P. D. Markharr \ et 
al'jnt J. Cancer yi. 413 (1983). I. S. Y. Chen 

929 



et al Sature (London) M, M. 
Popo*'.c it a/..»n Human T-Cell l^^nia Ug* 

ruses, R.-C Gallo.. M. Essex. I- W' W 
(Cold Spring Hartor Laboratory, CCTd Sprt^^ 
Harbor, N.Y.. in press). 

4. M. Popovic et a/., in preparation. 

5. M. Popovic, F. Wong-Staal, P. S. Sann R. C. 
Gallo.^v. Viral Oncol. 4. 45 (1984); K, Nagy. 
p. Clapham. R. Cheingson-Popov, R. A. Weiss. 
Int. J. Cancer 32. 321 (1983). 

6. H. Mitsuya et al.. Science 223. 1293 (1984). 

7. Centers for Disease Control Task Force on 
Kaposi's Sarcoma and Opportunistic Infections. 
,V. Engl. J. Med. 306, 248 (1982); J. P. Hanra- 
gan. G. P. Wormser. C. P. Macquire, L. J. 
DeLorenzo. G. Davis, ibid. 307. 498 (1982); J. 
W. Curran et at., ibid. 310. 69 (1984). 

8. R. C Gallo. P. S. Sarin. W. A. Blattner. F. 
Wong-Staal. M. Popovic, in Seminars in Oncol- 
ogy: AIDS. J. E. Groopman. Ed. (Grune & 
Stratton, San Diego, 1984), pp. 12-17: M. Essex 
etal.. in Human T-Ceil Leukemia Viruses. R. C. 
Gallo. M. Essex. L. Gross. Eds. (Cold Spring 
Harbor Laboratory. Cold Spring Harbor, N.Y.. 
in press). 

9. M. Essex et at.. Science 220, 859 (1983); ibid. 
221. 1061 (1983); T. H. Lee et at.. Proc. Natl. 
Acad. Set. U.S.A., in press. 

10. R. C. Gallo et at.. Science 220. 865 (1983); B. H. 
Hahn et at., in Acquired Immune Deficiency 
Svndrome. UCLA Symposia on Molecular and 
Cellular Biology, M. S. Gottlieb and J. E. 
Groopman. Eds. (Liss, New York, in press). 

11. R. C. Gallo et at.. Science 224, 500 (1984). 

12. M. Popovic, M. G. Sarngadharan, E. Read, R. 
C Gallo. ibid., p. 497. 



13. M. G. Sarngadharan, M. Popovic. L. Bruo 
Schupbach, R. C. Gallo, ibid., p. 506; 
Sarngadharan et al., in preparation. . 

14. J. Schupbach et al.. Science 224. 503 (1984). 

15. G. Franchini. F. Wong-Staal, R. C. Gallo. Proc. 
Natl. Acad. Sci. US A., in press. 

16 B. Hahn et al.. Int. J. Cancer, in press. 

17. F. Barre-Sinoussi et at. . Science 220. 868 ( 1983); 
E. Vilmer et al. t Lancet 1984-1, 753 (1984); L. 
Montagnier, personal communication. 

18. I. Miyoshi et al.. Gann 74, 323 (1983); C. W. 
Saxinger et aL, in Human T-Cell Leukemia 
Viruses, R. C. Gallo. M, Essex. L. Gross. Eds. 
(Cold Spring Harbor Laboratory, Cold Spring 
Harbor, N.Y.. in press). 

19. H.-G. Guo. F. Wong-Staal. R. C. Gallo. Science 
223. 1195 (1984). 

20. M. Seiki. S. Hattori, Y. Hirayama, M. Yoshida. 
Proc. Natl. Acad. Sci. U.S.A. 80. 3618 (1983). 

21. G. M. Shaw et al., ibid. 81. 4544 (1984). 

22. J. Sodroski et at., ibid., in press. 

23. E. M. Southern, J. Mot. Biol. 98. 503 (1973). 

24. R. A. Cox. Methods Enzymol. 12, 1 20 ( 1967); S. 
L. Adams et al., Proc. Natl. Acad. Sci. U.S.A. 
74, 3399(1980). 

25. T. Maniatis. E, F. Fritsch. J. Sambrook. Mo- 
lecular C toning. A Laboratory Manual (Cold 
Spring Harbor Laboratory. Cold Spring Harbor, 
N.Y.. 1983). pp. 23-233. 

26. E. P. Gelmann et al., Proc. Natl. Acad. Set. 
U.S.A. 81,993 (1984). 

27. We gratefully acknowledge the help and advice 
of Dr. P. Markham and the expert editorial 
assistance of A. Mozzuca. 

1 May 1984; accepted 30 May 1984 



sulincmic animals with melanoma B16, 
SflKJ concentrations in the blood may 
ignore than five times greater than 
normal insulin concentrations and are 
correlated with tumor volume (Fig. I A); 
SICRi's also appear in diabetic melano- 
ma-bearing mice (9). By fractionating 
tumor extract on a Sepharose 6B col- 
umn, we obtained an apparent relative 
molecular size for B16 SICRI of 120,000 
(10), as in non-Hodgkin's lymphoma (5). 
Increase of tumor volume and of SICRI 
concentrations was accompanied by a 
decrease in blood glucose concentra- 
tion (Fig. IB). The correlation between 
amounts of SICRI and blood glucose was 
high. 

Our phenomenological model is based 
on consideration of (i) exponential voi- 
ume-SICRI and SICRI-glucose relations 
(Fig. 1) and (ii) the Gompertzian tumor 
growth model (14) modified to include 
positive feedback and chosen empirical- 
ly because of its demonstrated applica- 
bility to tumor growth (14). Figure 2 
shows the proposed feedback loop for- 
mulated by the following relations. 



5 = ae aV \ a,a > 0 



Growth Self-Incitement in Murine Melanoma B16: 
A Phenomenological Model 

Abstract. The growing murine melanoma B16 secretes increasing quantities of a 
substance or substances immunologically cross-reactive with insulin. The elevated 
concentrations of these substances in blood are accompanied by a decrease in blood y = flQj) s y 0 e^*' 
glucose concentration and release of growth hormone, which is followed by 
increased tumor growth. By use of a phenomenological model based on these data 
we show that B16 incites its own growth by positive feedback. 



(1) 



G = be'* 5 = be-'**" = g{V)\ b$ > 0 

(2) 



\ V 0 . V>o 

(3) 



P n (G) = a, + a 2 G + . . . + a n G n 



'(4) 



Certain human (1-5) and murine (6-8) 
tumors produce and secrete a substance 
or substances immunologically cross-re- 
active with insulin (SICRi's). Several 
features distinguish SICRi's from insulin 
and show that they are of tumor origin: 
(i) their high concentrations observed 
also in tumor-bearing diabetic patients 
(2, 5) and diabetic mice (6-9); (ii) the 
restoration of normal insulin concentra- 
tions after removal of the tumor (7, 2, 4); 
(iii) the high concentrations of SICRi's 
within tumor tissue (7, 2, 9, 70); and (iv) 
the lack of a correlation between concen- 
trations of circulating SICRi's and C- 
peptide (5, 77). Yet SICRi's display insu- 
lin-like action in that they decrease blood 
glucose in tumor patients (2-5) and tu- 
morous mice (6, 9). 

We now show that in murine melano- 
ma B16 the concentration of SICRi's in 
blood is a function of tumor volume and 
that glucose concentration in blood is a 
function of SICRI concentration. The 
decreased amount of glucose in blood is 
correlated with elevated amounts of cir- 
culating growth hormone which, in turn, 
is paralleled by increased tumor growth. 
By use of a phenomenological model 

930 



based only on correlations of tumor vol- 
umes and SICRI and glucose concentra- 
tions in blood, we show that a positive 
feedback— that is, growth self-incite- 
ment — occurs in melanoma B 16. 

Male C57BL/H Irb mice 2.5 months of 
age and weighing 22 g each were housed 
five to a cage and given free access to 
water and standard pelleted food. The 
tumor, originally obtained from the Holt 
Radium Institute ( Manchester, En- 
gland), has been maintained at the 
Rugjer BoSkovic* Institute since 1975 by 
subcutaneous inoculations of 2 x 10 6 
cells into the flanks of recipient animals. 
Three opposite diameters (A, 5,tmd O 
of almost spherical prolate ellipsoid tu- 
mors were measured, and their volume 
was calculated as V = ABCttI6. Blood 
glucose concentrations were measured 
by the ortho-toluidine method (72). The 
SICRI concentrations were determined 
by insulin-specific radioimmunoassay 
(7J> with the use of Phadebas kits (Upp- 
sala, Sweden); therefore, these concen- 
trations are relative and expressed as 
insulin equivalents (5). 

Secreting tumors release SICRi's even 
in alloxan-diabetic mice (6). In normoin- 



where 5 and G denote SICRI and glu- 
cose concentrations, respectively, V 0 the 
initial tumor volume, and V the tumor 
volume at time (t) after transplantation of 
the tumor. The symbols a, b, a, fi, v, a u 
a 2 , .... a n are parameters obtained by 
the least-square fitting of the empirically 
chosen functions 1 to 3 to the data (see 
Table 1). The parameter a 2 differs signifi- 
cantly from zero, while a 3 (and also a 4 . 

a 5 a n ) can with fair confidence be 

taken as zero according to the value of F 
[see (75)]. Thus, volume appears to de- 
pend significantly on glucose concentra- 
tion; this dependence is described by a 
simple exponential function. 

The feedback can be measured by 
calculating the open-loop gain parameter 
(fl) [see (76)J. Here the infinitesimal 
changes of tumor volume (dV) and glu- 
cose concentration (dG) according to 
Eqs. 2 and 3 are 



tf(x. t) 



dx 



x - G dG + 



dG = 



eg (z) 



ay 



dV 



y-rdt 



(5) 
(6) 
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He> I Effect of ANF(S03) on basal aldose rone secretion. Rat 
glomeniioaa ceils were prepared by enzymatic digestion of 20 nt 
adrenals tfter enucleation. The oaf Is remaining on the capsule were 
digested for 30min with a miature of collagettaec and ONaae 
(4 mg ml"'. 4|Agmr') for 30 mm. Dispersed celts were filtered 
through gaiua and centrifuge* at WO r p.m. for IS rain. The pallet 
»m resuspended in Ml 99 buffer containing 0.1% bovine serum 
albumin (BSA) and the cells centrifuged at lOOr.p.m. for 15 mm. 
The cell pellet waa again resuspended in Ml 99-0.1% RSA buffer 
sod distributed in 900-*i aliquot* to 12x75 plastic lubes. The 
samples were pretneubeted for 90 tnia in a 37 T waterbath under 
an atmosphere of 5% CO ^95% O,. AJiquou of the teat samples 
were added in a 100 »J volume and incubated for 4 h. Aldosterone 
and corticoaterone were measured by radioimmunoassay using 
antisera purchased from Endocnne Sciences, Oiaard. California, 
and 'H labclled steroid from NEN. Results are the eacaa * t.c.em. 
of seven replicates. Statistical analysis waa performed by analysis 
of variance and all points are significant (F<0.0l) from cootroi 
(ANF(S-33) was the gjA of Drt JL Hirschauna and D F. Veber 
of Merck. Sharp and Oohme Research Laboratories). 




<8-33) u a natriuretic hormone, and now m inhibiting basal 
and stimulated aldosterone formation. suggests thai iu biologi- 
cal acuvmes are an integral pan of the hemostatic mechemsm, 
regulating sodium retention. Furthermore, unlike somatoirit.n 
its inhibitory effect is not restricted to angiotensin-stimulated 
aldosterone secretion, but affects the formation of both basal 
and stimulated mmeralocorticoids. Moreover, at no point *ss 
ANR803) observed to stimulate aldosterone. The observations 
reported here provide the groundwork for denning the mechan- 
isms by which atriaLderived peptides affect sodium retention 
and sugf«" that this peptide may be responsible for the attenu- 
ated effecu of AN-II on the adrenal cones dunng sodium 
loading'*-' The understanding of some clinical forms of 
idiopathic hypo- and hypertension" 1 * may therefore result from 
defining the interactions between ANF, the adrenal cortex and 
the basic mechanisms regulating ANF secretion. 

After submission of this manuscript, C harrier et aL*° and 
DeLean tt aL u reported findinp similar to those reported here 

We thank On R. Guillemin and P. Bdhlen for their critical 
review and comments on this manuscript and the secretarial 
staff of the Laboratories for Neuroeadocrtnology for help in 
preparation of the manuscript. This research was supported by 
grama from the NIH f HO-09690and AM. 188 1 1 ) and the Robert 
J. Kleberg Jr. and Helen C. KJeberg Foundation. 
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fig* 2 Effect of ANF(t-33) em stimulated akloaterooe i 
€, Rjm glocaeniloaa cells were praapared as escribed in Ftg. I aad 
incabated with lynthcbc human ACTH either aioae (open cirdea) 
or in combination with equimoiar amounts of ANF<8-33) (dosed 
squarea). Aldosterone secretion waa snaaaisred aa above by rtdioiav 
muooassay. 6, Cells were incubated with synthetic angjotenaw-ll 
(AN-II) either alone (open circles) or ia the presence of aquiaaoiar 
amounts of ANR8-33) (dosed squares). Control ceils received 
neither peptide, thereby indicating the ability of ANF to decrease 
aldosterone production to baaal leveis. Results are the mean a 
re m. of 7 replicates and all points are significant when compared 
with their respective control (I* < 0.001). Synthetic hACTW(l.)9) 
and angiotensin II were synthesized by Or Nicholas Ling by 
solid*phase sseshodolofy. 
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Lyahai-ss n aathy seas dated tirsjg (LAV) to a aasmaa rejeroviraa 
irai seoiatad 1 froea a fciaaieeiaal aatkwt with lysBphadewooathy 
■Ttdrwaae, f r eaaeolly a pr adr a ea e ar a beaiga fom of aoaoired 
sJaicieacy sywiraaie (AIDS) 4 . Other LAV asolatea aave 



AIDS^ aad aJlTv 



froea patiewta with AIDS ac pre- 
I avaiUbie 4au art riastateat with the rirwa beiasj 
the caaaadve agtat af AIDS. The Hnas to aeopagated oa activated 
T ly*»a*SKyts» aad aaa a tYwaeata for the T-cell saaaet OKT4 (ref. 
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of LAV h) 
I*- 1 *'. LAV- 
Isolated fi 



i a cytepathic affect Tee major core prottlo 
klry aoreltiad in ether fcn aon retroviral aatl- 
■ hasw am recently eeee tedepeedeetJy 
' •»» AtOS end pr^AlDS. Theee rlreeea, 
called Batman T-511 I— fcnem U/lytsaassas rlnss ryae lit (HTLV. 
Ill)*-" ted AID S f t ri a t wj r^fw <ARV) lS . eeee* to have 
eiaay eearaesertetica la ami with LAV and probably reprteeet 
fadceeedeet Mates ef the LAV proteeyse. W t nave aeeget to 
characterise LAV by the melecalar doelag af Ita geaoaae. A ciMd 
LAV cee^leeeeotary ONA was ased ta term a library of r tc ooi 
biaaef phages coaarectai frees tee gsottafc ON A of LAV.Jafeeted 
T lymphocyte* Two families ef denes were characterised which 
differ la a reatrktiwa alia. The viral g tastt s la longer tbaa any 
ether aamae rwtrwriraJ gsaatai (f.l-#J ellebaaaa). 

The cONA first-strand of LAV was synthesized in an 
endogenous, dctcrgcnt*aaivated reaction. LAV virions were 
purified from the supernatant of FRJ cells, a B-lymphoblastoid 
LAV- producing une 11 , and (he reaction was pnmed with 
oligo<dT). Tnree cONA donee, p LA VI 3. 75 and 82, carrying 
inserts of 2.3, 04 and O.t fctlobascs (kb), respectively, were 
characteruev-ftMther (Fig. I). All three inserts have a common 
restriction pattern at one end, indicative of a common priming 
site. The 50-base pair (bp) common Hu»dIII-/*rl fragment was 
sequenced and shown to contain an oligo<dA) stretch preceding 
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of cONA 
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•HI; Kg. 



rroai LAV 

a*II: H, 



< Fag. I 
genomic ANA. 
Matfllf; K *>l: S, Sari: X 
M«ca*da: LAV cON A was 
activated reaction. For aach macron. LAV vinous were purified 
on • 20-60% sucrose gradient is described previously \ from 200 ml 
of supernatant of the LAV.produdng FRI line'* virus-containing 
fractions wen pooled, diluted with NTE buffer (IOOoiM NeO, 
10 mM Tris-HO sH ? 1. 1 mM EDTA) sad eeatrifuged (Secfcsaaa 
typt SWM rotor. 50.000 r.p.au aO sain). The viral pellet was resutv 
pended ia 230*1 of KTE. Reaction voiesM was adjusted to I sal 
and fiaai noncewqaboaa were: SOsiM TravKO #H7J. 23saM 
NaCL fiaiM MgO* 10 mM ajtaietarsstsl, 043% Triton X-IOO, 
0.1 mM of each of dATF. dOT*. TTP. 4«Jd dCTP ia I f ii| 
200 *Ct of t«.»P)eCT» (400 O samel , Aaserthom) and 
50 ^ saJ" otigoXeD palmer, taoawaooa was at 3? «C. Alter ISsein, 
dCTP was added to 25 »M. At 45 ttea, the reaction was stopped 
with EDTA and SM (final nnaninuau'iiss 20mM and 0J%. 
rcsptctivery). AAar I a af prnnisaii K diaeatian OOOtgmT'. 
^ lha reasalasi sainnre was astntOjed with aheaotVoaloroforei 
sod cONA-RNA aybriea were rfcaani 
•traad sytaheeis wish aarlsasi free DNA s ^ysaar as a I (I 
ftr) and RNate H (BUL) and dC-taitiag with Mrsaiaai t 
( Bofhriager) were perforsaed aoaarding to OuMer sad Hotaaa M . 
Tailed doabla-atraawad eONA was anaeaiad to derailed rVL 
linearaed ptU27 veoor. P s mr fa mrfa osg CaOO recBC waa traaa- 
foftaad by the CaO, sMthod; 500 reeosahifiam donee were 
lereeoed ia smt 11 with a "' labelled LAV cONA in which the first 
straad had been sytubeaised as described above, taceps that aa 
altaltae hydrolysis step was included. Approsiaasely 10% of 
recosabiaantt proved peaitiva. the «ajoriry of which fortaed s 
family of Cfoss-hybridisug donet. Three teeoaibinaiNS, pLAVtJ, 
PLAVT5 and pLAV12. carrying inserts of 2.5, 0.4 and O.t kb. 
rwiaeottvely. wen analysed further. There are ao sites for Colli, 
N"il. *t»l, Sail, Satl, 5ml or Xbal ia the pLAVl) insert. The 
tf»dlll.*tH fragment was subdoned into MUmpI and seoucn- 
ced according to Sanger ft el M using a 15-mer primer (liolabs) 
and [•-"P)*CT» (Amerthaffll. 



ns> 2 Rapid dot -blot technique for LAV dcracoofi in ceil cshurv 
supernatant. Spots represent: A, «. I *J; 6. 2 *J: c, 4 >J of coacen- 
trated (250x) osfl cahure supernatant from (I) LAV.produdng 
CEM odb (reverie tfaaaenptase activity (RT), dcterniatd as 
described previously 1 , was 1 40.000 cp.ev aU*'); (2) LAV. 
producing EpeM-a^^rinsfonned 1-orU lint FRtf (RT 
175.000 cpm. ml"'). a\ a, I uJ; ft, 2 ui; c 5 |U of 100 * concentrated 
supernatant from < I ) esanfecud normal T lynphocyus { no RT 
activtry); (2) LAV^rodudng nonaai T lympriocytes (RT 
170,000cpm.); O) LAV^rodudng CEM line (RT 
1 50.000 cnott.) ; and (4) cuke re of bone saarrow lymphocytes from 
a ha ta iop hi ltac paocas 4 with AIDS (RT 7,000 cp m.) 
Mashadss Cell ceJtmre supernatants wen pdleied through 0.5 mi 
20% i u cross ruihioas ta NTE bufier (tedemaa rype SWS4 rotor. 
50,000 r.SA, I h, 4 *C). The pellet was retuspeaded ia NTE buffer 
as indiCBtad. Concentrated virus was sponed onto dned ay ton 
fitters (Zetabind) presoaked ia 20»SSC (3 M NeCI, 0.3 M sodium 
dtratc). AAer baaing (at least 30 mm at MX), filters were hybnd- 
ized with "P rucfc-translated pLAVl3 insert (Rg. I) (specific 
activity >IO*cp.ss. par ug) for 12-16 h in stnngent conditions 
(50% formamtda. 5KSSC.42X;}. washed (0.1 mSSC 0 1% SDS. 
45 "C. 2 k 30 mm), and «iposed for 20 h ( Kodak X AR5 61a mh 
an intensifying screen) ai -70 K. 



the doning dC tail. The doocs are thus copies of the 3* end of 
« potXA) UNA. 

The spedfioty of pLAVIS was determined in a series of filter 
hybridization csperunents using oicfc -translated pLAVI3 insert 
aa a probe. First, using an acUpted spot-blot technique, we could 
detect LAV virioti RNA from normal T ceils, FRI and other 
B-otil lioea and CEM celU (LM. and K Weiss, unpublished 
results; Fig. 2). LAV was also detected in a bone marrow cell 
culture (Fig. 21, line 4) from a haemophiliac with AIDS 4 , m 
spite of the low titre of virus in the supernatant. Uninfected 
cultures proved negative (Fig. 24 Km I). Second, the probe 
detected DNA ia the Southern blots of LAV-infected T lym- 
phocytes and CEM cells ( Fig. 3). No hybridaauon was detected 
in DNA from uninfected lymphocytes or from normal liver < data 
not shown) in the same hybridisation conditions. A chart a ens- 
tic 1.45-kb Hindi 1 1 fragment which co-migrated with an internal 
viral fragment in Hindlll-deaved pLAVI3 (Fig. I) was detected 
in the Southern blots. Bands at 2 J and 6.7 kb were also detected 
Together, these data show that pLAVIJ DNA is eiogenous to 
the human genome and detects both RNA and integrated 0 ^ a 
forms derived from LAV. infected celts. Thus, pLAVl J uLav 
specific Being oligo(dT)-phmed. pLAVO must contain the ft 
and U3 regions of the long terminal repeat (LTR) u *«n it 
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Fla> 3 Soataera Mat of NMIU-fMMUd i m oMi c ONA fro* 
LAV^acud aad edaferiecl odk kybridued with pLAVU. 
Hm4Ul laatiiued high relative e»dec»Ur mm ONA from: Iim 
1, uiotfMid CEM oeut; Um 2, UtV.tafected CBM orJtt: Um 3. 
uoia/eaed T o*Ua ate 5 days' cakure: 1mm 4, LAVHafeesed T 
otllft 2 days after la/eoooa; Um 3, LAV-ia/aoed T Mill 5 days 
after taiecboe. 

t Peripheral Wood T rysaphocytM of a beatthy < 
1 for 3 days with phytohatMagghirhiia alter i 
d trick LAV (aoUM IRU-LAV1) at 10*< 
i activity par 10* otJb m dM cr iaed previa 
Tor pan of the eakara kapt eainfenecl for os 
day* daw arfeaaaa, geawsir ONA mm 
digaaMd DNAO0 h4) «aa« 
got mm* Soaahara Wooae* Tae I 
50% foraaaudaj 5 x SSC I * OitkiraVs, 10% 4 

2xi0 f €*i of BMk-omMriMad pLAVl* 

10* cpja. per *g) for 10 h at 42 The IHtr wm < 

in 0.1 xSSC. 0.1% SDSto2xMatta«Ad«jpoMrfU> Kodak XAJU 
fits at -70 *C for It h utiag to tateatifytag tcraea. 



the 3' cad of (ho oodiag rofion, tttuniing a coavtauooai retro- 
viral gcaooM structure. 
Having found a Jffadll! stat aboa* 20bp 5* of tha porytA) 

LAV ftaoaao by taakfcag • putial tfttdlll digast of | 
DNA froam LAV-adexaad T catto of a aeal^doaoc. A9* IJ 
DNA-oncttaiaaaB ftaflte «aa praapitiiad u 
Hindlll areas a* abaa* vaow AUT.I (raf. 14). 
translated pLAVU aasect wat aaad ta a probe to tcreen -2 x 10* 
phage plaque* aa aha, tve ia d tpr ndan i dooaa vara obtained. 
A rwtrictioa aup ofcaaw* AJI9 aad of a MtdHI variant, A ill, 
art shown in Rg. 4. lonnaihinaati AJ27, A 13 1 aad AJ57 haaa 
tho aaaaa /findlH asp at AJIt, arbHa IM to ao far «aiqao.Aj 
tho two dooaa vara derived front Oat im tooiate' of LAV 
reported (teoUte BRU, or LA VI), we rafor to the two etonl 
ftootaat at LAVIa (A J 19) and LAVIb (Aitt). AJ19 tbowt foar 
Htadlll baadt of 6.7, 1 .45, 0.6 aad 0J2 kb, iha tat two of which 
corratpoad to baadt ta tho ftaoc&ic Mot of Hwdlll-ratchctod 
DNA (Rg. 3. lane 3). Tha tcaalloat baadt (OA aad 0.52 kb) wara 
not acta ia tha genomic Mot, but tha fact that they appaar ia 
all tha independently dtrivad donee analysed iadieatat that they 
rrprtnnt internal aad aot junction f ragmeota, ttsuming raadoaj 
integration of LAV provirai ONA. However, tha 0.52-kb baad 
hybridixat with p LAV 13 DNA (Ha. 4) through tha tnaall Hie* 
dIII-*iH fragment of plAVIS. That, tho 0.5-kb Midi!! frag- 
ment of AJI9 contains tha R/U3 junction within tha LTR. Tha 
finding of two small /find 1 1 1 fragments ia tha 5' rtgioa rtiafo 



Fig- 4 Ratrknoa napa of LAV provirai ONA in dona aJI9 
(LAVta) aad Utl (LAVtb). «. Htedlll minatoo oupa of LAV 
provirai DNA ia doaa A J I* tod Ajgl. THom Hmdlll fngncnu 
datooad by p LAV 13 art aurked by *. thou not, by - The 
raatriaioa aup of tha pLAVU cDNA done u al«o shown. 6, 
Hfwriflioa aup of Ait9. fUathcuon tiics: I, oomHI; Bg, B$i\\. 
H, HMdll!; K. X>al; P. Ail: R, £coRI: S. Sort: Sa, S*/l X, 
XmI. Iinaara tha acaio it a icaama for the general itnicture of 
rrtroviniMa thoehag the LTR tieiaeutt U3, ft tad US. Only the 
R/US oovadary hot bean defined (Fig. I) tad other bovedanct 
art drawn oary agaraitveiy. 

MaaMda: ONA froai LAV.iafeood T otUa «w paniaily dtgeatad 
with Jftadltl aad fraeboaated oa a S-40% lucrote gradieat ia 
10 MM Tria-HCI pH t. 10 aM EOT A. 1 M NaO (acefcnaa type 
SW4I rotor. 14 a, 40,000r p.ai.) A tingle frteboo (9a 1.5 kb) «u 
pradpitaied with 20|ftgBl"' deatraa T40 at earner tad takca up 
ta TB bate (I0«M Tn»-HO rH 1 mM EDTA). AU7.I (ref. 
14) Mtadlll traM wan prepared by Im Itgaaag the oar mm 
followed by tfadlll digaauoa aad fra cb oat uw i through a 5^40% 
tacroae gradtaat aa above. Fraonoaa ooaiaiaiag oaly the a ffwdttl 
ma were pooled, predpttated aad tafcta up ia JEhuAer. Lgtuon 
of araw to DNA wat aada at -200ag«l" DNA unag t 3 t 
r excaM of traa aad 300 U of T4 ONA tigaae (lioUbe). 1* 
mm wart tude aoaardiag to ref. 29. AAer ta 
. the phage ryaau wat pitted oat oa NM33I or t 
CaOO racBC ftraia. ApmuMatery 2x10* piaowM were screened 
by « aha aywridiaanoa* M«g ajtrooauhilOM lb» Hyandiauoa 
wot parforMad at M"C ia I ■ Oaahardt't tdatioe, 0.5% SDS. 
2xSSC2aiMBOTA*taba: "Pakk-oaaaiatad iaaenof pLAVU 
at > 10* cpja, par pg. FUtan wart wathod for 2 x 30 mia m 0.1 * 
SSC 10.1% SDS at at, aad eipoaed to Kodak XAR-5 Aim for 
24-40 k with tatastaifyiag tcrteni at -70 *C. Seven positive donet 
were ideatiled aad piaauo-pwhaad oa a C600 recBC ttrtia. Liquid 
culm rat wart grown and tha mcoaibinaAt pbaget banded in CtCl. 
Paaga DNA wat asmood aad digtated ta the tppropnau condi- 
tioaa. Tat rwjthoioa aupa wart orientated by bybrtdiang Mou to 
ptAVI3 DNA, which aapa tha 3' oodiag aaqaaaoM of the wal 
i m well m tha U3-R repoa of the LTR Ail doatag tad 
of LAV MBMMte dooaa va earned oat m t PI 



tha nttfiilnaw of dooiag LAV by partial rattrictioa of genomic 
DNA. 

A Jl I atama to ba a rtatnorioo titt polymorph of A J 19, tho wmg 
tva KtedU! baadt of 4 J, 2J, 145, 0.6 aad 0.52 kb (Fig. 4) 
Iha 2J-kb baad to raadtry dataetad ia tha gtnomic blot by a 
pLAVU proba, tkhough tha 4>kb fragaaem it aot. Tbt finding 
that aick-oaaaiatad AJ19 DNA hybridiata to til five NiadHI 
baadt of A Jtl ta atriagrnt hybridiiatiori tad washing conditions 
tadkatat that AJII to a Hindi!! variant aad aot a recombinant 
viraa. Abo, other auppad rattricrioa ttta ia AJII are identical 
to thoaa of Ail9 (aot thoara). That, the Htadlll restriction 
paaara ia tha Sovthara Mot can ba explained by variation wuhi n 
tha tittglc isolata of LAV aaad to in/act tha T cells. 

KTLV.l" aad HTLV-kT* Loraajrata a pair of C-type mns- 
forssag ratrovuuaat with • traptoi for the T-odl subset. OKT* 
Both gtoofZMt (coaaprising ooo LTR) art -I J kb long " have 
aa X rtgioa gad show titaaam taqtitaai homology They 
hybridist boiwaea (hemsalvts ia raatonaMy stringent conditions 
(40% foraaamida, 3 * SSC) and tha X rtspoaa hybndixe even at 
60% foraumide 1 *. Thus, t conserved X region is a hallmark of 



this class of vims. Wc hsv« compared cloned LA v ON a and 
cloned HTLV.II DNA (pMO)* by biot-hybridiiauon «nd find 
no cross-hybridixation in low stringency conditions of hvbndit* 
■tion snd washing [T m -tt *C). even sfter 2 days' eiposure at 
-?0*C using intensifying screens (data not shown) 

The human T-lymphotropic retrovimsei HTLV. I II 1 and 
ARV'\ recently isolated from patients with AIDS or pre-AlDS, 
have umilar morphological, biochemical and immunological 
properties to LAV, which suggests that they probably represent 
different isolates of the LAV prototype. DNA hybnditation 
between HTLV-III and HTLV-I and I! has been reported, most 
noticeably at the tog-pot junction and less so in the characteris- 
tic X region of HTLV-I and ll J ' As mentioned above, we could 
detect no such hybridisation and conclude that the reported 
homology must have been due to either ( 1 ) the use of an 
un doned cDNA as hybridization probe. (2) the fact that the 
isolates in question differ substantially from those we have 
cloned, or (3) the possibility that HTLV-III and a HTLV-I/IL 
like virus were co-infecting the cells. The last possibility may 
also apply to the preliminary report of cross-hybridisation 
between a LAV-like vims and a cloned HTLV-U DNA probe 
Thus, we find no molecular evidence of a relationship between 
LAV and HTLV. Furthermore, the LAV genome is -9 kb long, 
compared with t J kb for the HTLV viruses" " Despite their 
comparable genome sizes, LAV does not cross-hybridize with 
Visna virus" <-° kb) (data not shown) or with seven! human 
endogenous viral genomes (ref. 23 and M. Martin, personnal 
communication) in non-stringent conditions ( T m ■ 55 *C). These 
d*ta and morphological and immunological dissimilarities 
between LAV and the HTLV-I/-U pair all point to LAV being 
a novel class of human retrovirus. 

In conclusion, we have molecularly cloned the complete 
genome of LAV from freshly infected activated T cells of a 
healthy donor. It has been shown that the tropism of certain 
retroviruses resides in the LTR* " and that sequence differences 
and insertions/ deletions are present in the LTRs of 
leukaemogenK and non-leukaemogenic retroviruses. It is thus 
possible thai LAV and LAVIike viruses passaged through B* 
•and T-tranafortned oell lines 1 -' 2 -' 1 might have undergone some 
attenuation. Although the cDNA clones were made from a 
LAV-producing B-cell line, the genomic clones were isolated 
from LAV-infected normal T cells. Thus, the clones represent 
LAV genomes that have not been selected or adapted to a 
particular cell tine. However, the LAV genome is shown to be 
polymorphic even within a single isolate and independent iso- 
lates will probably differ widely. 

The availability of doned LAV DNA should facilitate the 
undemanding of the molecular mechanism of viral replication, 
and the tropism of the virus. Tan DNA sequence of LAV opens 
up the possibility of uuriawaj the viral |«f and ewe gene 
producu and of studying the aaoteoilar basis of LAV antigen- 
icity. 
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and Ana Cooo for typing the manuscript. This work was suppor- 
ted by grama front the CNRS, the Association pour le Recherche 
contra le Cancer, the Foodaboa pour la Recherche Medicale 
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i le avtaa aed aaav 
geidency f y wa r oaa e 
(AIDS) leada to collapse of the Immaa t syateai aad eeath by a 
wide tartaty of ippirf ilotlr Itfectieos; aeeonal foraaa of oaacer 
are in li if with this ayo dr eaia. t art eili a aea hate boon 
lawetsd frosi rassnea 1 AIDS sotteots aad from patieaci *tia 
rotated coe^Hitoa, TVaea slaallar oaw l y Isolated finaaas art lyaa- 
phaslraopathy asoaclated Htm (LAV)', aaaaaa T<eil lyaa- 
phatropic firoa (HiXV-III)" and AlDS-asseciattd rterwnrw 
(A«V.2)\ We am ideattied a RNA geoeeae of ailoboao. 
(kb) la vtrfeoo aorlied freea the caltore saadiM of a auaae T<ell 
maaoor lloe Infected with AIV-1 A eDNA aeobe aaada fro- *rel 
UNA oasocsod drcalar DNA aials f le t aad aroMral rwraaa la 
Infected eotla. We stored a library e# effected ceil DNA. I 
biaoot abate Isileasd these with a 9 J-hh aeofiral D N A i 
DNA aoffjotad with ivjaoct to the aine> Cot tl i 
of rArea AHV ase4^ fre« *1DS^ pati 

''rlUT-n^ella, originating from a human T-crtl lympnotd 
tumour*, ware used to propagau the ARV-2 strain of «rua' To 
characterize the viral genome. UNA was attracted from punned 
vinons and elec uop h o re a ed oo anarose geU contauung methyl 
mercury bydrosida 4 . A dittina -9*kb RNA speoes was 
observed (Rs> I) with smaller hotoroftoeous RNA and some 
riboaomal RNA speoes. The 9Ab RNA speoea waa used aa a 
template with random primers in a reverse transenpuae rtacnon 
to produce a virus^pooftc cDNA probe 7 . RNA of virus obtained 
from cells infected with ARV-2 or with two additional .soiaie*. 
ARVO and ARV-4, showed distino bands at 9 kb that hybnoaed 
with the cDNA probe (Fig. I). 

With this cDNA probe, we eaamined the structure of ini 
DNA in infected calls by aigosbon with restneuon cwxne* 
eieorophoresis in agarose gats and Southern bioumg s 0 
speciftc bands were detected in several digests of Ona from 
uninfected ceils (Rg. 2o. Unea C £>. whereas bands .*^t i*^ 
in infected colls (Fig. 2* Une Ah Undigested DNA fro* 
ted cells contained a species at 5.5 kb. a faint ipeo« •< • *t> 
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Micrographs of an icosahedral 
'flower' obtained by solidification 
of an Al-Li-Cu alloy were gen- 
erated by Professor Guinier on an 
image processor starting from a 
scanning electron micrograph and 
using pseudo-colours. See News 
and Views p. 640. 
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Genome organization and transactivation of the 
human immunodeficiency virus type 2 
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Analysis of the nucleotide sequence of the human retrovirus associated with AIDS in West Africa, HIV-2, shows that it 
is evolutionary distant from the previously characterized HIV-1. We suggest that these viruses existed long before the 
current AIDS epidemics. Their biological properties are conserved in spite of limited sequence homology; this may help the 
determination of the structure-function relationships of the different viral elements. 



THE acquired immune deficiency syndrome (AIDS) has now 
spread worldwide and appears to be an acute public health 
problem in Africa in particular 1 " 5 . A retrovirus designated 
human immunodeficiency virus (HIV), but previously known 
as LAV, HTLV-III or ARV, was shown to cause AIDS in the 
different areas afflicted by the epidemics 6 " 8 . Indeed, isolates 
from North America, Western Europe and Central Africa have 
the same biological properties, and antigenicaily cross-reactive 
proteins with the same relative molecular mass 9 " 11 . Only studies 
at the molecular level have revealed some differences in the 
nucleotide sequence of North- American and African iso- 
lates 12 ' 13 . This sequence variation is also present, though to a 
lesser extent, among different isolates from the USA 14 " 18 . 

The western part of Africa seemed relatively spared by AIDS 3 . 
Recently, however, several typical cases were found in a survey 
of patients from Guinea Bissau and other countries of West 
Africa 19 " 21 . Unexpectedly, most of these patients did not have 
detectable titres of antibodies against HIV. But they were found 
to be infected by a retrovirus related to HIV by its ultrastructural 
and biological properties, such as cytopathogenicity and tropism 
for cells carrying the CD4(T4) antigen 19 . Antibodies raised 
against HIV could immunoprecipitate the gag and pol products 
of these isolates, which have molecular masses that are similar 
but not identical to these antigens of HIV; in contrast, the env 
products could not be immunoprecipitated, whereas previous 
HIV isolates showed wide cross-antigenicity of the envelope 
glycoprotein. Furthermore, the genome of this new retrovirus 
cross-hybridized only poorly in very low stringency conditions 
with HIV DNA probes 1922 . We have therefore designated this 
West African AIDS virus as HIV type 2 (HIV-1 referring to the 
AIDS retrovirus previously identified in Central Africa, North 
America and Europe). More than 20 isolates have so far been 
made from patients with AIDS and related conditions, mainly 
originating from west Africa 20,21 , but also in some Europeans 
(L.M., unpublished), and epidemiological studies in progress 
indicate a seroprevalence of 1-2% in some populations of West 
Africa (F. Brun-Vezinet, personal communication). 

HIV-2 appears to be closely related to the simian immuno- 
deficiency viruses (SIV) a group of cytopathic retroviruses whose 
prototype, STLV-3 mac , was identified in captive rhesus monkeys 
(Macaca mulatta) with an AIDS-like disease 23 , and was later 
found to infect other primate species, either wild or in cap- 
tivity 24 - 26 . Genetic comparisons of SIV, HIV- 1 and HIV-2 may 
help to elucidate the phytogeny of these viruses and the origins 
of the recent AIDS epidemics. As these retroviruses share most 
of their biological properties, the identification of conserved 
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sequences is important to localize the functional domains of the 
viral proteins and regulating elements, and design new diagnos- 
tic and therapeutic tools. We present here the complete nucleo- 
tide sequence of HIV-2, the comparison of its proteins with 
those of HIV-1, and preliminary studies on the regulation o. 
HIV-2 expression. 

Nucleotide sequence and LTR analysis 

The sequence presented in Fig. 2 is derived from two A clones 
corresponding to integrated proviral DNA from the ROD isolate 
of HIV-2 (ref. 22), obtained in 1985 from an AIDS patient from 
Cape Verde Islands (offshore Senegal, refs 19, 20). The genome 
of HIV-2 is 9,671 nucleotides long (in its RNA form), whereas 
HIV-1 isolates are about 9,200 nucleotides long. This difference 
is partly explained by the respective sizes of the long terminal 
repeats (LTRs, see below). 

The genetic organization of HIV-2 (shown in Fig. 1) is 
analogous to that of HIV-1, that is: 

5'LTR-gag-po/-central region- en u-orf F-3'LTR. 

The Central region', also identified in the ovine lentivirus visna", 
contains five major open reading frames (ORFs), four being 
clearly related to the ORFs of HIV-1 that encode the Q (or sor), 
R, tat and art (or trs) genes of HIV-l (refs 15-18, 27-31). The 
fifth, which we designate ORFX, has no obvious counterpart 
in HIV-l. Alignments of the nucleotide sequences of HIV-1 and 
2 show their distant homology (from -60% for the more conser- 
ved gag and pol genes, to 30-40% for the other viral genes and 
LTRs). To allow these alignments to be made many insertions 
and deletions must be introduced into the sequences. We do 
not find that these insertions are the small duplications that 
would be characteristic of the recent divergence of retroviral 
sequences, as was noted among isolates of HIV-1 (ref. 12). 

The limits of the LTRs and of their internal U3, R and U5 
elements, determined by sequence analysis and some com- 
plementary experiments, are shown in Fig. 2. Classically bound- 
ing the retroviral LTRs are short inverted repeats 
(5' C TG - CA G 3') located after a polypurine tract for the 3 'LTR, 
and before a sequence complementary to the 3' end of a transfer 
RNA that is used as primer by the reverse transcriptase (here, 
as in HIV-1 and visna virus, a lysine tRNA, refs 15, 27) for the 
5' LTR. The R-U5 junction, corresponding to the 3' end of the 
polyadenylated viral RNA, was previously localized by sequenc- 
ing oligo(dT)-primed complementary DNA (cDNA) derived 
from the HIV-2 RO d genome 22 . The length of U5 + R, and hence 
the position of the U3-R junction corresponding to the 5' cap 
site of the viral RNA were deduced from the size of a HIV-2 
cDNA synthesized using the endogenous reverse transcriptase 
activity and the endogenous tRNA ly ' primer (see Fig. 3). This 
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Fig. 1 Organization of the HIV-2 and HIV-1 genome (BRU isolate, ref. 15). Vertical bars represent the stop codons in the 3 reading frames 
Arrows indicate the initiator AUG codons in viral genes or potential genes. Tat 1 and 2, art 1 and 2 are the open reading frames containing 

the coding exons of the tat and art genes. 



rong-stop cDNA* is 302 nucleotides long (181 nucleo- 
f des in HIV-1, ref. 15). Thus, the U5 element is 125 bp long, 
3 is 556 bp and R 173 bp (respectively 82, 456 and 97 bp in 
IV-1). All the elements of the HIV-2 LTRs are larger than in 
IV-1, and alignment by computer programs shows large inser- 
ons and very distant overall homology for the aligned regions 22 , 
'owever, the three Spl binding sites identified in HIV-1 (ref. 
2), are also present in HIV-2 from nucleotide 9,419 to 9,448 
ith 17 out of 29 nucleotides homologous to this region of 
"IV-1. The core enhancers identified in HIV-1 (ref. 33) are 
resent in HIV-2 from nucleotide 9,389 to 9,416: the first is 50% 
omologous and the second 100% homologous to that in HIV-1 
Fig. 2). 

The analysis of the vims-specific poly(A) + RNA (not shown) 
rom a cell line infected with and continuously producing HIV-2 
vealed a pattern of transcription reminiscent of that observed 
HIV-1 -infected cells: RNA of over 9 kilobases (kb), corre- 
nding to a full-length transcript, and three types of spliced 
essenger RNA of 5, 4.5 and 2 kb, also observed in HIV-1 (refs 
M4). 

c g*g and pol proteins and HIV phytogeny 

e gag precursor of HIV-2 has a calculated relative molecular 
ass of 57,100 (Af r 57.1K) f consistent with the p55 antigen 20 
en by immunoprecipitation with patient sera, and is probably 
rocessed, by analogy with HIV-1, into the proteins designated 
16, p26 and pt2 (refs 19, 20). By analogy with the plS* - * of 
IV-1, pl6 would be at the amino terminus of gag and precede 
26, whose amino terminus has been sequenced (H. Marquardt, 
-rsonal communication) and starts with the proline residue at 
sition 951. The carboxy-terminal part of the fag precursor 
codes a pl2 that contains the cysteine-rich consensus of the 
troviral nucleic-acid-binding proteins also found twice in the 
13*"* of HIV-1 (ref. 15). The HIV-2 pol ORF could encode the 
t$ and p36 antigens of HIV-2 (ref. 20) which by analogy 
rrespond to the p68 and p34 (reverse transcriptase and 
ndonuclease, respectively ,5 ) of HIV-1. 
The gag and pol proteins of HIV-1 and 2 were expected to 
hare large conserved domains, as these HIV-2 proteins can be 
recipitated by antibodies in sera from patients infected with 
IV-l. However, we found that only 58% and 59.4% of the 
no acids of gag and pol respectively are identical to the 




corresponding HIV-1 products (Table la), whereas the more 
distant isolates of HIV-1 (Zairian and US) show 90 to 95% 
amino-acid identity in these proteins (Table 16 and ref. 12 J. 
Several insertions and deletions have to be introduced in the* 
alignments (data not shown), whereas they are rare in the 
comparisons of gag and pol genes between HIV-1 isolates. The 
gag and pol proteins of HIV-2 are no closer to those of the 
Zairian isolates than to the prototype HIV-1 (BRU isolate) 
isolated in 1983 from a French patient 6 probably infected in the 
USA. Overall, the difference in gag and pol between HIV-1 and 
HIV-2 is of the same order as that observed among the group 
of the human T-cell leukaemia viruses (HTLV-I and II) and 
bovine leukaemia virus (BLV). However, this latter group dis- 
plays a higher conservation in the envelope, 70% amino-acid 
identity between HTLV-I and HTLV-II, versus about 42% 
between HIV-1 and HIV-2 (see below). Alignments of different 
retroviral pol proteins (Table 16) confirm that the HIVs form a 
subgroup that is more related to the lentiviruses visna and equine 
infectious anaemia virus (EIAV) than to any other human or 
animal retrovirus. 

Homologous domains in env ± i 

The envelope glycoproteins of retroviruses are translated from 
a subgenomic viral mRNA (here probably the transcript of 
4.5 kb). Addition of sugar residues (N-linked glycosylation) 
gives rise to a high-Af, precursor which is processed by pro- 
teolytic cleavage. The length of the leader sequence of the HIV-2 
glycoprotein cannot be precisely determined by alignment with 
that of HIV-1 (experimentally found to be 32 amino acids long* 1 ) s 
because of a lack of sequence homology (Fig. 4). But the amino 
terminus of env contains a relatively hydrophobic stretch in the 
calculated hydropathy plot (not shown) that is probably the 
signal peptide. The potential cleavage site between the external 
envelope glycoprotein (120K) and the transmembrane protein 
(previously thought to be the 36K antigen 19 , and now putatively 
identified as a 40 K antigen 20 ) is found at amino acid 505 (Fig. 4) 
immediately after the Lys-Glu-Lys-Arg sequence. This cleavage 
site aligns partly to one (Lys-AIa-Lys-Arg) of the two potential 
cleavage sites found in HIV-1 (the other being located after the 
Arg-Glu-Lys-Arg stretch). The calculated Af r of the extracellular 
glycoprotein (EGP) and of the transmembrane protein (TMP) 
of HIV-2 would be 57K and 41.7K respectively; the discrepancy 
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Fig. 3 H1V-2 strong-stop cDNA corresponding to the length of 
the R + U5 elements of the H1V-2 LTR, The methods were pre- 
viously described 15 . Briefly, virions were purified by ultracentrifu- 
gation and an endogenous cDNA reaction performed with radio- 
labelled nucleotides after mild disruption of viral envelope with 
Triton X-100. The tRNA lys primer, complementary to the PBS site 
flanking the U5 element at the 5' end of the genome, was then 
degraded by alkaline hydrolysis and the cDNA run on a denaturing 
6% acrylamide-urea gel together with a sequence reaction for 
accurate estimation of the size of the products. 

with the apparent M r of the EGP is explained by glycosylation 
(30 sites in HIV-2, about half of which are conserved with respect 
to HIV-1). 

Figure 4 shows an alignment of the envelopes of the two 
HI Vs. The proteins are overall very distantly related (41.7% 
identity in the entire envelope, 39.4% in the EGP, 44.8% in the 
TMP) compared to divergent isolates of HIV-1 (about 75-80% 
identity in the whole envelope, ref. 12). Many large insertions 
have to be introduced, particularly in alignment of the EGPs 
where only short, widely separated domains are conserved 
between HIV- 1 and 2. These domains are clustered into the 
conserved regions of the EGP of HIV-1 (identified by com- 
parison of different isolates 12-14 ), and generally coincide with 
cysteine residues. Among the HIV-l isolates, all the cysteine 
residues could be aligned in spite of the generally large genetic 
variation, especially in gpl 10. Almost all (22/23) of the cysteine 
residues of HIV-l can also be aligned with HIV-2, but the latter 
contains seven additional cysteine residues, often in the regions 
representing insertions relative to HIV-1. Thus, the folding of 
the HIV-2 EGP could be different from that of HIV-1, and some 
regions, therefore, might be exposed in a different manner. 

Other viral proteins 

The HIV-1 genome contains several other genes encoding pro- 
teins of small M r (10 to 27K), two of which {tat and art/trs) 
have an identified function: the positive regulation of viral 
expression 30 "". No role has yet been identified for the p23 
encoded by ORFQ (or 5or) 37 ' 38 , nor for the p27 encoded by 
ORF F (or 3' ORF) 39 . We also observed in the region between 
the po/and env genes of HIV-1 (central region) another potential 
gene, which we designated R (ref. 12). All these elements are 
found in HIV-2, but the corresponding proteins are only dis- 
tantly homologous (see Table la). In the F protein, most of the 
difference between HIV-1 and 2 is due to a large insertion in 



the amino terminus of HIV-2. The second half of the protein, 
encoded by the U3 element of the LTR, shows better conserva- 
tion (data not shown). 

Based upon sequence homologies with HIV-1, the tat and art 
genes of HIV-2 are probably organized as split genes transcribed 
into -2kb mRNA made of three exons 18,28 " 31 : the 5' leader. .± 
first coding exon located in the central region and probab- 
ending at a possible splice donor found at position 6.1- 1 
(CAAGT, Fig. 2), and a last exon probably starting at the splice 
acceptor at position 8,307 in HIV-2 (CAGATC). The tat protein 
of HIV-2 would be longer than that of HIV-l (130 versus S6 
amino acids), having two large insertions in the amino terminus 
and in the second coding exon (Fig. 4). The main domain of 
homology of the tat proteins corresponds to a region very rich 
in cysteine residues whose structure is reminiscent of that of the 
'cysteine fingers' of some transcription-regulating elements that 
interact 'with nucleic acids, such as the TFIIIA factor 40 . This 
region is followed by an Arg-Lys-rich stretch that could also 
interact with DNA or RNA. No significant homology is seen 
in the second coding exon, which has been shown to be dispen- 
sable to the function of the protein 28 29 The arr-encoded protein 
is shorter in HIV-2 than it is in HIV-1 (100 versus 116 amino 
acids), and most of its length is encoded by the last exon. Th? 
most homologous part is located in a stretch of basic residue 
that may be able to interact with nucleic acids. 

Cross-transactivation of HIV-1 and HIV-2 

The trans-activator gene {tat) has been shown to be indispen- 
sable for the replication and cytopathicity of HIV-l (ref. 41). 

Table 1 Quantification of the homologies among retroviral proteins 
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57.7 




39.4 


44.8 
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( 95 .2) 


( 96 .6) 


f 90.6) 


(91 .1) 


(79.7) 


f 87 .4 ) 


(95. M 


( 64 .6) 
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HIV-l 

LAV-Eli 

LAV- Mai 

EIAV 

VISNA 

HTLV-l 

HTLV-II 

BLV 

RSV 



HIV-2 

59.1 
(96.4) 

61.6 
(96.1) 

59 
(95.2) 

43.8 

(92) 

43.7 
(88.7) 

34.8 
(70.5) 

ND 

ND 

35.9 
(72.3) 



HIV-l 



94 

(98.7) 
92 

(98.7) 
41.9 

(91.5) 
42.2 
(94) 
33.3 

(70.3) 
ND 

ND 

34.5 
(76.2) 



HTLV-l 
ND 

ND 

ND 

ND 

ND 



62.8 
(99.5) 

49.5 
(93.2) 

38.2 
(86.4) 



VISNA 
ND 

ND 

ND 

46.7 
(90.8) 

ND 
ND 
ND 
ND 



The reference protein of each alignment is that listed at thewpo: 
the column. Proteins were aligned using the NUCALN program with 
following parameters: K-tuple I, window 20. gap penalty 1. Two results 
are indicated in each case: the amino-acid identity (%) in the aligned 
domains (that is, excluding the regions of insertion/ deletion), and 
between parentheses the percentage of the length of reference protein 
that could be aligned. «, Homologies between HIV-1 and HIV-2 proteins. 
For env, the calculation was done for the external glycoprotein (EGP. 
including the signal peptide, whose length is not exactly known in 
HIV-2), and the transmembrane protein (TMP). 6, Comparison of the 
/^/-encoded proteins of different retroviruses. LA V.Mai and LAV.Eli 
are Zairian isolates of HIV-l (ref. 12); EIAV:equine infectious anaemia 
virus (sequence communicated by Dr S. Aaronson), and visna virus- 
are animal lentiviruses; HTLV-l, HTLV-II, BLV 62- **, related leukae- 
mogenic retroviruses; RSV) Rous sarcoma virus 65 . ND, not determined. 
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Fig. 4 Alignments of the HIV-1 (BRU isolate, 
ref. 15) and HIV-2 proteins. Asterisks indicate 
ammo-acid identities. Gaps were introduced to 
optimize the alignments. In the envelopes, the 
potential cleavage sites are shown by arrows. 
EGP, external glycoprotein; TMP, transmem- 
brane protein. O, Potential N-glycosylation 
sites; #, cysteines. The domains of the EGP of 
HIV-1 that were found to be well-conserved 
among isolates 12 are underlined. The parts of 
tat and art encoded by each of the two exons 
are separated by an arrow. 



FlIV.2 
1IV.1 

£ BIV, 2 



H IV. I 
H IV. 1 



MErPUAPISSLKSLNtPFSITSEQDVATQCUiQCCEUSQUBPLCT^ M 

•« • • ••* •* #• • •••••••• 

MCPVO PtL£P«KHPCSqPltTA---C-TTCrCKKCCrMCQVCPnMLClSTC»lUlQlltrPQC»qiKVSI^ 71 

liisriTcosqmKQKirvEAmTDrcPCi no 
qpnqwcop icpkx 66 



^qni 1 



WH-AD-EECL0tILILIILU<qT1»rPQCrCTASqiII«MlMKQW»0IUUOSl---TTr PDPfABSPL-- 



-OQTIQKLQSLTI- 



wACiscDSDEDLuuviiLUFHoyyppiip EcriqAim miwutqtqiHsisEii is i tl c»sai> v plqu Pttit-TtD Ci rai i tciqcvcip 100 



Qt UPOf PTHUPESQILAET 
OILVESPTVL-ESCTKE 



100 

;it> 



J 



To examine whether transactivation (a property also shared with 
the ovine visna lentivirus but not with the related caprine arthritis 
and encephalitis virus 42 ) exists in HIV-2, we constructed a 
plasmid, called pHIV2-CAT, containing the bacterial chloram- 
phenicol acetyltransferase (CAT) gene under the control of the 
U3-R region of HIV-2 (225 bp of U3 and 175 bp of R). To test 
the transactivation of HIV-2, cells were either infected with 
HIV-2 or mock-infected, and five days later transfected with 
either pSVCAT (which contains the CAT gene under control of 
the SV40 early promoter 43 ) or pHIV2-CAT. At the time of 
transfection, the cells were not producing virus. Nonetheless, 
we observed a substantial increase in the amount of CAT 
expression in extracts of HIV-2-infected versus mock-infected 
celts that had been transfected with pHIV2-CAT (Fig. 5a). The 
expression of the S V40 early promoter was not affected by H IV-2 
infection. 

To determine whether the tat gene of HIV-1 could transacti- 
vate the LTR of HIV-2 and vice versa, we cotransfected SW480 
cells 44 with subgenomic fragments of HIV-1 or HIV-2 and 
pHIV2-CAT or a plasmid called pHIVl-CAT, which contains 
U3-R of HIV-1 (the entire U3 and 70 bp of R) directing tran- 
scription of the CAT gene. The plasmid pLET (a gift from Dr 
S. Wain-Hobson) contains the region of the HIV-1 shown by 
others to encode the HIV-1 tat gene 2 ** 29 . Trie plasmid pME214, 
on the other hand, contains HIV-2 sequences between nucleo- 
tides 5,786 and 8,571 (Fig. 2), and in particular contains the 
open reading frames of HIV-2 that share homology with the tat 
gene of HIV-1. (n both of these plasmids transcription is driven 



by the LTR of the respective virus, and the first AUG of the 
transcript is the first AUG of the putative tat gene. It should 
be noted that both these plasmids also contain the coding 
potential for the art gene. 

Although the SV40 early promoter was not affected by either 
the HIV-I tat nor the HIV-2 tat genes, both HIV-l and HIV-2 
LTRs were substantially activated by the HIV-1 tat gene 
(Fig. 56). This is perhaps surprising in view of the difference in 
size of the R region of HIV-1 (where the transactivator respon- 
sive region (TAR) resides 45 ) and HIV-2. However 35 of the 58 
bases present in the first stem-and-loop secondary structure of 
the *TAR region of HIV-1 are conserved, and an analogous 
stem-and-loop structure with the first 77 bases of R can be drawn 
for HIV-2 (ref. 33). 

The HIV-2 LTR is transactivated over 100-fold by pME214 
(Fig. 56). On*he other hand, the HIV-1 LTR is not as well 
transactivated by this plasmid (-5-20 fold, Fig. 5 and other 
data not shown). Similar results were obtained after transfection 
of HeLa and HUT 78 cells (data not shown). These experiments 
indicate that pME214 encodes a functional tat gene. In addition, 
they indicate that the specificity of the HIV-2 tat is somewhat 
different from that of the HIV-1 tat It will be important to 
determine whether this observation is isolate-specific. 

Origin of human immunodeficiency viruses 

We have presented here the complete nucleotide sequence of 
the retrovirus associated with AIDS in West Africa, HIV-2, and 
tentatively identified the viral -proteins either detected in 
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Fig. 5 Transactivation of H1V-2. Chloramphenicol 
acetyltransferasc <CAT1 assays were done as described 59 . The 
unreacted chloramphenicol is marked CAM', and the aceiylated 
products are marked AcCAM' AJI reactions were I h with 10% 
of the cellular extract made 40 h after transfection. The origin of 
the promoter linked to the CAT gene is indicated above each lane. 
SV40 indicates the SV40 early promoter, HIV-2 indicates the partial 
U3 and the entire R sequences of HIV-2 ( ROD isolate), and HIV-1 
indicates the entire U3 and 70 bp of R of HIV-1 ( BRU isolate), a, 
H UT 78 cells were either mock-infected f U N, uninfected ) or infec- 
ted (IN) with HIV-2. Five days post-infection, 3* 10 6 cells were 
transfected with 3 M-g of plasmid in 0.5 ml of Tris-saline without 
divalent cations for 45 min at 37 °C with 250 ^.g ml" 1 DEAE- 
Dextran. 6, 4x 10 s SW480 ceils were cotransfected by the CaCU 
technique 60 with 3 u.g of promoter-CAT plasmid and 3 u.g of the 
indicated plasmid. Salmon sperm DNA was added such that each 
transfection was 20M.gmr l DNA. This experiment was repeated 
;hree times with similar results. 

immunoprecipitations with patients* sera, or homologous to 
proteins previously identified in HIV-1. The two viruses share 
a similar genomic organization, indicating a common evolution- 
ary origin, but differ significantly in terms of nucleotide and 
amino-acid sequence: the more-conserved gag and pol genes 
respectively display only 56 and 60% nucleotide sequence 
homology and both less than 60% amino-acid identity. The 
calculation of the nucleotide sequence homology for the other 
genes gives even lower values, making HIV-1 and 2 42% 
homologous overall. This confirms that these two viruses are 
distinct elements of the HIV family, and cannot be considered 
as strains of the same virus, according to the recommendations 
of the international taxonomy committee 4 *. 

It was previously established that HIV-2 is more related to 
the simian immunodeficiency viruses (SIV) than it is to HIV-1. 
The gag, pol and env proteins of SIV and HIV-2 are antigenically 
cross-reactive, whereas their cross-reactivity to HIV- 1 is restric- 
ted to some gag and pol antigens. The amino-terminal amino- 
acid sequence of the major core protein (corresponding to the 
p25' a * of HIV-l and p26* flf of HIV-2) has been determined in 
one isolate of SIV obtained from macaques with an AIDS-like 
disease (MnlV, ref. 26). Out of the 23 amino acids sequenced 
21 match with the amino terminus of pit 8 * 9 of HIV-2, whereas 
13 (with one deletion) match to the p25*°* of HIV-1. Further- 
more, whereas HIV-2 can infect, at least transiently, primate 
species which are evolutionarily more distantly related to 
humans (at least baboons and macaques), HIV-1 infects only 
humans and chimpanzees ( R. Desrosiers and P. Fultz, personal 
communications). In fact, it is not possible from current data 
to know whether SIV can be classified as distinct from HIV-2 
or if they only differ as independent isolates of the same virus. 

The almost simultaneous emergence of two foci of AIDS in 
distinct areas of the African continent is unlikely to be due to 
the recent emergence of two novel human pathogens, for 
example by simultaneous trans-species infection by animal 
retrovirus, or by the mutation of pre-existing non-pathogenic 
human retroviruses. Indeed, HIV-l and HIV-2 are obviously 
retroviruses with a common origin, but they are highly divergent, 
and it is more likely that their time of divergence is earlier than 
the beginning of the current epidemics. Therefore a common 
ancestor, with similar properties and pathogenic potential, prob- 



ably ^Tsted a long time ago in a human population, and 
emergence of the AIDS epidemics is more likely the result 
simultaneous modifications of epidemiological parameters 
West and Central Africa, such as uncontrolled urbanizati- 
leading to the infection of larger populations. 

A question to be addressed is why the HIV* were onlv recen 
detected if they existed for a long period. This may be due 
the fact that the pathogenicity of an HIV-tvpe retrovirus cant 
be revealed until it has spread to a significant portion of : 
population. First, in areas of Africa with poor medical facilit: 
w here other infections, such as malaria, represent primary cau 
of morbidity, isolated cases of AIDS could have been 
undetectable clinical event. Then, the incubation time can v^ 
considerably, and it cannot still be ruled out that a large fracti 
of individuals infected by a HIV will remain healthy carrie 
In Kenya, HIV-1 seropositivity was first reported in a hi 
fraction of subjects at risk of AIDS (female prostitutes* w 
were apparently healthy; later, the virus diffused to a larger p< 
of the population, and cases of AIDS were observed* 1 . A simil 
situation could explain the apparent lack of pathogenicity 
the retrovirus designated HTLV-IV, but indistinguishable frc 
HIV-2 and SIV by the antigenicity of its proteins V 
presence of HTLV-IV was identified only in apparently heahi 
individuals in West Africa, an area where we have observe 
several typical AIDS cases caused by HIV-2. It is possible th 
the apparent non-pathogenicity of HTLV-4 is due to a rece 
epidemic diffusion of H IV- 2/ HTLV-IV in the West Africa, whe 
AIDS cases still represent a minor fraction of the infected ar 
seropositive individuals, whereas HIV-1 has diffused in maj< 
cities of central Africa or the USA some time before. 

Implications for vaccines and diagnostics 

The risk that HIV-2-infected blood samples may not be detecte 
by standard screens, currently based on the detection of ant 
HIV-1 antibodies, makes it important that a way of diagnosir 
HIV-2 infection is found. As the envelope, and especially i 
transmembrane part, represents the primary target of the ho 
antibody response to the HIV infection tsee ref. 1), antiger 
from the envelope of HIV-2 will significantly improve the spet 
trum of the screening tests, allowing the detection of sample 
infected by HIV-2, and perhaps by other as yet uncharacterize 
members of the HIV family. 

As it shares most of the structural characteristics and biologi 
cal properties of HIV-1, but displays significant genetic diver 
gence, HIV-2 is a powerful tool in the study of the molecuia 
biology of this group of retroviruses. Among the crucial biolog 
cal properties common to both HIVs are tropism for CEK 
positive cells, and mechanisms of positive regulation of vim 
expression encoded by viral transactivating factors. We observe 
that the tat of HIV-l activates the transactivation responsiv 
(TAR) sequences as efficiently in both types of HIV, wherea 
the tat gene of HIV-2 is more efficient on the TAR elements o 
HIV-2. The tat proteins of HIV-1 and 2 have only shor 
homologous sequences, and this will ease the dissection of thei 
function by mutagenesis or using chemically synthesized pep 
tides. 

HIV-1 and probably HIV-2 recognize the CD4 surface 
molecule as a receptor on helper/inducer T lymphocytes anc 
perhaps on other cells expressing the CD4 protein 50 " 53 . In HIV-l 
this interaction is mediated by the external envelope gly 
coprotein (EGP; ref. 52), and an important problem is which 
of the domain* s) of this protein are involved in that interaction 
Indeed, blocking this step of the virus life cycle, either bv 
antibodies or drugs, could be an efficient means for preventing i 
infection or blocking its spread. As the receptor is a constant i 
cellular protein, we can postulate that the binding domain ot I 
the envelope is conserved among the CD4-tropic HIVs. The i 
conserved domains of the EGP of H IV- 1 and 2 are not numerous 
and therefore it becomes possible to demonstrate their possible 
role in the virus- receptor interaction using a relatively limited 




set of site-directed mutations. Given the absence of antigenic 
cro$s-reactivit> of the envelopes of the two HIVs, this CD4- 
binding domain is probably not, or only poorlv, immunogenic— 
perhaps because of masking by glycosylation, poor exposure 
on the virion surface, or mimicking of self antigens. Neverthe- 
less, its presentation to the immune system out of context of 
the virion, that is. as a peptide, might induce a neutralizing 
antibody response that is not attained, or attained with only a 
low efficiency, with the complete native envelope from virions 
or expression systems^*" 56 . 

Conclusion 

The comparative analysis of HIV- 1 and 2 reveals major genetic 
differences between retroviruses that share manv of their biologi- 
cal properties. The> both cause AIDS, are cyiopathic in vitro. 

Received 4 Marcn, jccepied |o March 198" 

Vof II. *05-4$f Cold Spring Harbor Laboratorv N e * York I98<. 
-. Currar.. J \* e- ai. Science 229. 1352-135* i 198^* 

I 2^ T " C t Mann ' J M ■ Currin ' J *' 4 P Saence 234. 955-961 i 1986, 

4 hot. P et at Lancet \\. 65-69 i 1984, 

5. QuxnecC N et a: N Engi J W«i 310. 492-49 ■ < 1984, 

6. aiiTt-Sinoussi. F et aL Science 220. 868-870 (1983! 

t E^rT'* M « t/ n X* dh * r ;« ^n G 0 ' ? eid ' E * Gall °' R C Sc '"" 1U - 497 -^00 i 1984,. 
** 1*7. J A- *' ai Science 225. 840-842 M984j. 

*. Btw-Vezinet, F et at Science 226. 453-456 > 1984 1 

10. Ellrodl. A. et ai Lancet i, 1383-1385 (1984). 

II- Btiiey, A. C et aL Lancet i. 359-361 < 1 98 5 1 

If ^ 1Aa " 1 ; H ° bSOn - S • ^onwgmer. L. A Somgo. P Cell 46, 63-?4 M986. 

13- WilWy. R. L. </ a/, *rr* nam. Acad. Set. U S A. U. V»8-«W . ]986j 

14. Surach, B. R rr ai Off 45. 63^-648 < 1 986 j 

15. J-n-Hobson $ Somgo P. Danos. O.. Cole. S 1 *J,„n. M. Cell 40. 9-T M985, 

17. Rawer. L *r Sature 31 J, 22"-284 1 1985 t 

18- Mowing, M. A et ai Sature 313, 450-458 1 1985 > 

19. CUvei, F «r ai Scifnrf 233. 343-346 ; |986». 

20. Bmo-Vtanet, F et aL Lancet i. 128-132 < 1987) 

21. Clavef. F et aL S En 9 L J Med. on the pr«s). ' 

22. Clavel, F et aL Sature 324, 691-695 i 1986 1 

23. Daniel, M D et at. Science 228. 1 199- 1204 < 1985, 

£ Kinki. P J . Airo>. J A Essex. M Sawier 230. 951-954 < 1985, 
Benvemste, R. E. rf ai J ViroL 60. 483-490 ! I986t. 

26. Murphey-Corb. M ff ai Varurp 321. 4J5-437 1 1986, 

27. Somgo. P et aL Celt 42. 369-382 1 1985,. 

» £T" I *V G a U ° ° ' J ° SCphS - S F * Won «-St»l. F. Science 229. 69-7 3 , 1985, 

(S " ' R ■ R °" n - °" Won «- Sl »'- F * H««ltme. W We 229, 74-77 

W. Sodrmlu. J. « ai Varurf 321. 4I2-4P 1 1986, 

3I " ^19^ ^ B " Jirm ' R F ' A ' d0Vm, ' A - Ga " 0 * R - C * Won «- St »'- F- Crf 46, 807-817 
32 Jon«. PC., Kadonagi. J , 



LETTERS TO NATURE- 



. P * Tjian. R. Sconce 232. "'55-759 U9861. 



have a trop.sm for CD4.bearing cells and have element, trans 
activating the expression of virai genes acting at the LTR level 
The evolutionary potential of these viruses is therefore stnkinc 
and we must ask whether other HIV S can emerge a, long a < a 
favourable epidemiological situation is provided. W e must take 
advantage of the precise delineation of the conserved structures 
to understand their molecular b.ologv and develop ne» 
therapeutic tools, especially immunoprophylactics. 
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*T£ y cl u 1 40d " or n a/ - 2 h ^ ^ 

L J ^ Cu °*-« b • s «P«rconductor with a supercooductins onset 

^e^ibil ty measurements. Because the magnetic properties are 
^jortaat in describing the nature of wperconductMty, have 
««wred the d.c. magnetic moment of this material. Here we show 
this material cooled fa zero field or In a high field (ff eo- > 



90 G) is diamagnetic below T cm * 90 K% consistent with the previous 
measurements * . However, when the sample is cooled in a small 
field «85G), the magnetization, M, first becomes negative 
(diamagnetic) below T cm , but further cooling results in a jump of 
M to a positive value at low temperature. We have also observed 
this switching by the application of an additional small field when 
the sample was cooled in a small field. 

The YV ^Bao.CuO,.* sample was prepared as described in 
ref. l. The X-ray diffractograms reveal that the sample has 
multiple phases, devoid of the K 2 NiF 4 structure. From the 
electrical resistance measurement, the superconducting onset 
temperature is ^^94.5 K and the resistance becomes zero 4 
below 7 0 «=92 K indicating that the sample is a superconductor 
with a rather narrow transition width. A Quantum Design super- 
conducting quantum interference device (SQUID) mag- 
netometer has been employed to measure the magnetization of 
the sample as a function of temperature and magnetic field. 
When the sample is cooled under zero field conditions, we have 
V< v " d i ama 8 nclic bclow T m and the susceptibility 

field' t^Z'T*? M WhCD ^ ^ is * 
n «<^ In Fig. 1, the magnetization obtained at various 



